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Foreword 



C^wtv the last few yean:, there's been a lot 
of talk about restructuring and how to improve education. Having worked for 
25 years as a teacher and school administrator, and now in the educational tech- 
nology business, Fm painftiUy aware of die need for change in Ae schooling 
process in America. Were we meeting the educational needs of all children in 
our schools today, or able to absorb into the labor market those individuals 
who were unsuccessful as students, technology in education might be unneces- 
sary. But schools today do not meet the educational needs of all students, and 
the labor market is demanding a work force with ever-increasing skills and 
abilities. 

In addition, we cannot effectively individualize instruction with existing 
student/teacher ratios. And, unfortunately, the tearhuig methods and leaniing 
environments in schools today are neither bias free nor affirmative of diversity. 
Though not a panacea, technology needs to be looked into as a major resource 
for enhancing the teaching/learning process. Technology can provide a multi- 
sensory, bias-free alternative to traditional instructional approaches. It can 
easily be controlled for quality and equity of access. And it can afford students 
privacy and individualization as well as control over their own learning. While 
school improvements through restructuring require attention to effective mod- 
els of school organization, proven ins'juctional practices and management 
strategies, and shared expectations ot curriculum content, standards, evalua- 
tion, and student outcomes, technology must be recognized for its potential 
impact. Appropriate uses cf computer technology, tool application, instruc- 
tional and management systems software, distance learning capabilities, laser 
and video systems software, laser and video disb, and other multimedia tech- 
nology applications must be considered as we restructure schooling. 

As leaders in education, wc must und<^rstand and effectively apply solu- 
tions for improving the schooling process. The contributing authors in this 
book help Hght our way by telling us how and when to make effective technol- 
ogy decisions. 

Donna Jean Carter 
ASCD President, 1990-91 
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Introduction 

Cynthia Warger 




j£ he last decade of the 20di century is upon 
us, and with it comes a growing number of reports and documents projectisig 
what our nation's children will need to know in the 21st century, and discus- 
sions detailing what educators have and have not done toward diese ends. 

At die forefront of many of these discussions technology and how educa- 
tion has fared in integrating technology into the curricuhun. As Gibbon (1987) 
pointed out, the electronic technologies that drive the infbrmaHon explosion 
are increasingly powerful and, thus, should be used in schools, as they are else- 
where, to represent present and new knowledge. If we are to prepare our 
children for the future, then we must help them become technologically liter- 
ate. 

For some critics, the technolojy integration process in the schools has 
been too slow (Ellison 1989). They are quick to point out that while millions of 
adults use computers every day, our children only begin to learn about comput- 
ers in school. A recent survey of over 5,000 educators (NSBA 1988) concluded 
that educators, in general, are only beginning to tap the potential of technol- 
ogy in classrooms. 

Why the hesitance by educators? In 1985, an ASCD Update headline pro- 
claimed, "Computer Integrant .n in Instruction Is Stuck." The article went on 
to chcrs^cti ize educators who were once enthusiastic ?bout technology as now 
cautious, reflective, and skeptical (Dronka 1988). Educators will point out that 
many technological developments hit the educational market with razzle- 
dazzle far^fbre and significant price tags, only to have the latest model labeled as 
obsolete months later. They also point to years of technology experts promis- 
ing too much and delivering too litde. Technological developments, ranging 
from microcomputers to distance learning satellites to compact discs and video, 
have each been heralded as a major bre^kthrou^ widi the potential for revolu- 
tionizing education (Ely and Plomp 1988), and each has fallen short of its 
promise. As recent studies reveal (Becker 1987, Roblyer 1988), evidence of 
effectiveness is scanty; and existing studies provide litde guidance for educators 
as they decide how to use technology in instruction. 
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A Practitioner^s Approach to Integratixig Technology 

Much of the early literature on integrating technology in classrooms 
reflected an unrealistic view of the classroom. It reflected a vision of education 
not shared by the average practitioner, who viewed teaching and learning as a 
human-interaction endeavor. We can draw the analogy between the introduc- 
tion of technology to the classroom and the introduction of die microwave 
oven. When first introduced, the microwave promised to revolutionize cooking 
by having the cook merely wrap food in plastic and heat it up. For those of us 
who took great pride in our cooking, the idea just didn't fly; how could one pre- 
pare c/eamy sauc es, saute and brown succulent meats, and bake to perfection 
rich, luscious desserts in one of those boxes? This changed the v«ry essence of 
the art that many of us had studied and perfected over years. But, as we Ve 
grown to discover the capabilities of microwave cooking, weVe come to accept 
that, although they are wonderful for certain cooking tasks, they cannot replace 
stove and regular oven cooking altogether. However, when integrated into a 
cook's normal routine, the microwave is a significant tool for creating a success- 
ful sr^cal. 

Likewise, technology can be a significant tool in the classroom. Most 
school systems have made considerable strides in purchasing equipment, pre- 
paring teachers, and implementing programs, yet more can be done (Coilis 
1988). In doing more, however, we should get rid of unrealistic notions that 
technology cart "do it all." Technology is not a panacea for educational prob- 
lems. The challenge confronting education is not to produce more electronic 
technology, but rather, to creatively develop the educational potential that the 
new tecliUologies already offer (Ofiesh 1986). Technology can be used to sup- 
port education, not supplant it 

Previously, the features promoted in the various educational technologies 
were not connected to any real problem or issue. The idea of using technology 
just becau^' it was there evoked imagery of the old microwave commercials of 
the housewife, who, only knowing how to cook popcorn in the new microwave, 
prepared a family meal of popcorn fixed six different \* ays. Using technology 
for the sake of using technology became much debated. While our heroine in 
the microwave commercial finds a fine use of the technology in a glowing mi- 
crowave production of Duck a COrange, no corresponding educational coup 
de grace awaited the user of educational technology. On reflection, some of the 
less successful uses of educational technology have been oUerved to occur 
when it was offered as a solution to a problem that had not been clearly defined 
(Ely and Plomp 1988). 

JO 
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Perhaps the true test of the new educational technology has been its stay- 
ing power in schools. Much of this staying power has come from practitioners' 
finding ways to use the new technologies as **tools*' that support the teaching- 
learning process. The notion of conceptualizing technology as too's, and the 
impact of doing so, was discussed by Gilbert Valdez (1986): 

Although it is Jess easy to document, 1985-86 may also become 
known as the year iii which extreme claims — technology totally re- 
placing teachers, on the one hand, or being just another fad, on the 
other — have been replaced by a rAore balanced understanding of 
what technology can and can not do. This year may also mark die de- 
parture from overemphasis on programming in favor of broad-based 
use of technology in many <;ubject areas to enhance teaching and 
learning. 

Many technological solutions are available today, but their success still 
depends on classroom teachers and how they \ise the technologies to solve it»l 
classroom problems (Barbour 1989). Many of the more popular technology 
applications in classrooms today do not require substantial dianges in the ways 
teachers teach and pr. vide practical solutions to real teaching dilemmas. There 
is no single "best use" of technology in schools to improve learning-, thus, con- 
tinued experimentation and sharing of experiential information is encouraged 
(Office of Tedinology Assessment 1988). A realistic assessment of the role of 
technology in education can come only with a deep understanding of how to 
match its potential power with the needs of learners (Taylor and CimnifF 1 988). 

Organization of this Book 

This book* describes approaches that practitioners and experts working 
with practitioners have found successful in using technology as a tool to im- 
piove learning. How schools choose to use technology depends m part on the 
vision of the schools' leaders. Knowing how o^her leaders (defined here as 
those professionals who make instructional decisions) have confronted issues in 



* Wtli the exception of the nine school district descriptions and the chapters by Wthrov;, 
Mo)kowski» Sales and Damyanovich, Valdez and SoUie, Po^w, and Bowman, the articles were 
first printed in To Support the Learner: A CoUtctwn of Essays on the Applications of Technology in Educa- 
tion. Enhancing Learnmg Through Technology. (Washin^on, D.C.: Research Applications Division, 
Office of Educational !lescarch and Lnprovcment (ED), 1989). 
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using technology as a solution to educational problems can assist us in expand- 
ing technology options in our own settings. 

The first four chapters of this book deal with general issues in integrating 
technology into school programs. The next five chapters describe instructional 
approaches using such technologies as interactive videos, computer-assisted in- 
struction, on-line databases, and telecommunications. Keyboarding is discussed 
as a necessary skill underlying many instructional approaches. Examples of in- 
struction using technology in the various curriculum areas of science, language 
arts, humanities, and math are then presented. The needs of special groups are 
then Jisaissed in chapters on at-risk youth, early childhood education, and en- 
suring equity for female students. Each chapter offers the reader an example of 
what might be possible. The remainder of the book is devoted to descriptions 
of nine districts that have integrated technology into educational programs. 

Emerging fi-om the examples in this book is a picture of committed educa- 
tors who have found realistic and practical ways to integrate technology into 
their programs. From their work, we gain a true sense of what is now possible 
in our classrooms. 
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Where Do We Go Now 
That the Power's On? 

Frank B. Withrow 



In the 1980S; we saw a remarkable change in 
the educational technology resources available to students and teachers. The 
Office of Technclogy Assessment (1988) estimated in Power On, their study on 
technology applications in education, that in the United States there are 10,000 
pieces of software available for elementary and secondary education and that 
there is an instaUed base of 1 computer for every 30 students. In a little more 
than a decade, some 2 million microcomputers have made their way into class- 
rooms! We also know that instructional television has become a more readily 
available educational resource. More than 90 percent of the classrooms in die 
United States have access to video cassette recorders. Distance learning 
through satellite, fiber optics, and cable television is also available on a daily 
basi;> to tliousands of students. In feet, a major federal program. Star Schools, is 
supporting distance learning programs for science, mathematics, and foreign 
languages in more than 1 ,000 sites in 40 states. 

Now that the power is "on," what can educators expect from technology 
in the decade ahead? To answer this question, I refer to the recommendations 
posed in Power On. First, there is still a need for more educational technology 
hardware. Second, teachers need more professional development in the integra- 
tion of technology into the learning and teaching processes. Third, diere needs 
to be a greater partnership among all groups in the development of J:e 
.software. 
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Need for More Technology 

if we think of information and communication advances throughout his- 
tory, we can understand the importance of die new technological tools that are 
offered to us today. The first and most powerful communication tool was the 
development of spoken language, which enabled a person to share ideas and 
experiences widi odiers. Widi die advent of die written symbol, people became 
able to share information over time and space. Within the last century, we have 
taken a quan. un leap forward in real-time distance communication. We have 
developed two systems; one, j» person to person telephonic system; the other^ a 
mass broadcast system. Both pem.eate our lives in a modem, information-rich 
society. 

While the computer is the newest tool in the system, we should not 
think of it in isolation. The computer brings all forms of communication to- 
gether into one continuous ribbon of information that can be accessed by the 
user. As we move into die 1990s, diere will be Integrated Service Digital 
Networks (ISDNs). ISDNs are die fiber optic systems being developed by 
telephone companies diat allow for storage and retrieval of almost unlimited 
information. Through ISDNs in homes, schools, and businesses, vast databases 
of information can be accessed. For example, it might be possible in such a sys- 
tem to be watching a television talk show and freeze the picture, toucli the 
speaker on die screen, which would access an article from the speaker's bibliog- 
raphy, leave a message for die speaker, and perhaps even arrange a telephone 
call widi die speaker. Conversely, one might be reading text material, for exam- 
ple, Hamlet, and decide to see it performed. From the ISDN database, one 
might even be able to choose from several different casts. Technically, dies 2 
things are possible. 

There are important issues^ for educators to consider as the technology ma- 
tures and becomes more effective. First, schools must develop more capacity to 
use such systems as diey develop. They must also understand diat most technol- 
ogy will btjome obsolete before it wears out Thus, questions about financing 
hardware and deciding what to do ^vith hardware that was purchased ten, or 
even five, years ago must be seen in light of the greater context. 

Need for Professional Development 

Staff development must be a lifelong experience for teachers who use tech- 
nology. Teachers must be shown what tools are available and then provided 
with practical assistance in how to best use those tools in their classrooms. We 
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need to explore new ways that teachers can integrate the technology into the 
daily lessons of learners. 

Obviously, technology can be both a too! and a content resource. A pre- 
recorded television program or software package represents a content resource 
that can be used by students and teachers. The challenge for teachers is to use 
these technologies to make the learning process come alive. Using technology 
as a tool gives the student and teacher new ways to express what they have 
learned. For example, the computer used as a word processor, desktop pub- 
lisher, or spreadsheet is a tool for learning. Likewise, an audiotape recorder or 
video camcorder can serve as a tool for helping students express their ideas. 

The content storage capacity of the new technology system can also serve 
as a powerful information resource. The actual newsreels of political events, 
such as the audio recordings and video clips of Martin Luther King Jr.'s "I 
Have a Dream" speech, are resource documents that can bring a new under- 
standing of history to the learner. Also, reference materials stored in videodiscs 
in the area of bioscience, coupled with computer-controlled indexes, provide 
valuable experiences for students. 

Need to Develop Partnerships 

The key to making technology a vital component in education lies in how 
the resources are gathered together, indexed, and made available to schools in a 
cost-effectiye manner. Schools, publishers, and technologists must work to- 
gether to organize and bring these resourcef to the learning environment In 
one sense, we are already seeing these systems becoming a reality in schools 
with integrated learning systems. Such systems otTer a large library of 
courseware, management sysvems, and, to some extent, diagnostic systems to 
help the teacher and learner navigate through the materials. In tomorrow's 
world we will have many of the resources of the Library of Congress or some- 
thing comparable readily available to students. Educators must begin thinking 
about how to organize and develop such resources so that they can be most ef- 
fectively used. For example, the thousands of hours of Sesame Street that have 
been produced and developed to work on early reading skills are now provided 
to us in a linear fashion that is determined by a broadcast schedule. In the 
future, digital tx chnology can make all of those elements of Sesame Street 
available to the learner on demand. 

The capacity of technology to store and retrieve information is massive. 
The CD-ROM can store some 300,000 pages of text, which equals one thou- 
sand 300-page books. Traditional filmstrips with 100 frames can be transferred 
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to videodiscs. On just one side of a disc, we can store 54,000 frames or 540 film 
strips, which could encompass entire school libraries. 

One of the many barriers to developing technology to its potential for edu 
cational purposes is cost. Unfortunate^, the market is limited by preconceived 
notions of price. This raises the question of what is a fair price for intellectual 
property. On this question, it is critical that schools take the lead in establish- 
ing partnerships that will result in creative answers. 



To a certain extent, educational technology is always introduced into die 
schools by outside forces. Technology was primarily developed for entertain- 
ment, business, and military purposes. Technology, in and of itself, is not an 
exemplary teacher. Like a good book, it may inspire students and open new ho 
rizons for them. It may stimulate the learner to wonder anew at the worid. It 
may provide a tool to express what one has learned. But in die end, true learn- 
ing results from interactions among the learner, other learners, and teachers. 
Technology, for all of its promise, cannot substitute for the basic rules of a 
good learning environment. 
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A Curriculum 
for the 
Information Age 

Mary Alice White 



JE^h social ixistiturion and work setting 
relies on particular informauon processes that are central to its operations. 
Financial institutions reiy on the speed of processing market informaticm; medi- 
cine relies on the analysis of data to arrive at a diagnosis and treatment plan; 
science relies on the collection of multiple observations to establish meaningful 
patterns; and journalism relies on the speed of access to a newsworthy event 
and the speed of its communication to an audience. 

Education too, relies on students' being able to acquire information, ana- 
lyze it, and communicate their learnings. However, the way education uses 
information technologies differs from the way other professions use die same 
technologies. As we move into the next decade, knowledge of how other profes- 
sions use technologies should be used to expand how educators use the 
technologies to improve learning and teaching. 

Institutional Processes Changed by the Technologies 

Several work processes ha. e been significandy enhanced by technology. A 
description of each follows. 

Plmmsng. Planning is a critical process in many settings, whetlier it i& finan- 
cial, strategic, operational, logistical, or political. The process of planning is 
carried out diffc/endy in banks, investment houses, die military, federal and 
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State governments, corporations, small businesses,and imiversities. Planning 
has been radically altered by the introduction of computers and spreadsheet 
software. It is now possible to actually see in numeric form the impact that 
specific change in one variable will make on a host of others, projected into 
the future. 

Inforvmtim Access. Members of the financial community rely on the quick- 
ness of information retrieval to make their decisions, as we saw so vividly in the 
October 1987 stc \ market decline. Obviously, up-to-the-minute worldwide 
financial databases offer traders an enormous advantage. In fact, there is some 
concern about whether such instantaneous information should in some way be 
controlled because of its ability to cause a wave of institutional buying or sell- 
ing on Wail Street and other world markets. The media depend on the speed 
of transmission to receive and broadcast the news. Politicians are anxious to be 
seen and heard on the media as quickly as possible after a newsworthy event. 
Instant information is the currency of electronic media. 

Electronic databases have also transformed the extent to which we can 
access information. In law, for instance, a database makes it possible for lawyers 
to search for previous decisions in a feu^ minutes by typing in key phrases of the 
legal points of interest. In medicine, a physician can type in a patient's symp- 
toms and receive possible diagnoses within seconds ft-om a database that 
incorporates medical knowledge and experience far beyond that of the user. 
Reporters and writers can search a database of newspapers and magazines to 
find, instantaneously, the background of a certain person or subject 

Tapping into a database would not be practical if it were not convenient. 
The availabiHty of computers and modems means that information can be 
brought up on the screen Cj uickJy and easily (although some databases are still 
unnecessarily difficult to navigate). Instead of traveling to the appropriate 
library to search for the relevant books, a scholar can call up an exhaustive list 
of references on a monitor in a few minutes and decide which are worth 
pursuing. 

Information Management Among the needs of many institutions and work 
settings are the processes of storing information, analyzing what is stored, and 
representing that information in meaningfiil ways. These information pro- 
cesses are central to any setting that must work v/ith large amounts of data. In 
agriculture, there is a need to store large amounts of information about the con- 
dition of crops around the world; businesses must store information about their 
customers and their suppliers; the federal government cannot survive without 
storing huge amounts of information about taxpayers; and scientific research 
requires large pools of recorded information. 
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In all of these settings, computers have transformed the process of storing 
information, from larger computer systems to many small microcomputers con- 
nected to mass storage devices. The new laser systems for storage, includmg 
the CD-ROM, are providing a cost-efFecdve, massive storage system for all 
types of computers. 

Information that is stored needs to be processed. Large amounts of data 
are now analyzed by computerized statistical methods to show trends and dif- 
ferences between groups of data. Information analysis can also compare 
information from several databases so that, for example, an individual's credit 
standing can be compared to a record of purchases, phone calls, passport visas, 
and voter registration. While this represents a resource for some, it also raises 
majoi issues of privacy, which as a society we must resolve. 

Because computers have made the storage and analysis of mass data possi- 
ble, more numeric information has been made available than the human mind 
can comprehend easily. One answer to this problem has been the development 
of graphic md pictorial (iconic) displays of data. These represent a large 
amount of numeric information in graphic form, in pictures of trends, in three- 
dimenbional figures for engineers and architects, and in visual displays of 
observations that produce meaningftil patterns to the informed eye. It is ironic 
that the computer's ability to produce masses of n naerical information has 
resulted in the use of imagery to help humans understand what the computer 
can p'-oduce. The great number cruncher now needs an image maker. 

Carnrnunicationjusi as information itself has changed, so has access to it, 
storage and analysis of it, and its representation. We are also finding that the 
nature of communication is changing with the new information technologies. 
Many journalists have found that the word processor is a better writing tool 
than a typewriter or a pencil because it is easier, faster, more flexible, and able 
to produce perfect copy for almost anyon'*,. Salespersons and business execu- 
tives find that portable computers give them writing power and constant 
communication with a home office. 

Software programs allow authors to add graphics easily into business 
reports, presentations, letters, and newsletters. Desktop publishing can put the 
power of the printing press into the hands of any mdividual. Software pro- 
grams now lay out pages, allow one to insert graphics and pictures, and change 
type styles— in fact, do virtually anything that a printing house would do. 

Communication from one computer user to another is also available, ei- 
ther through a local network or one of the many commercial or scientific 
networks now in operation. Through a modem and a phone line, a computer 
owner can communicate with any other similar owner, aknost anywhere in the 
worid. We are also seeing increased teleconferencing, both audio and video, as 
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well as facsimile iise, with teleconferencing becoming more feasible for every- 
day transmissions. 

The burgeoning world of pictorial commimications via television, film, 
and videotape is being transformed by the j vailability of videotape players, 
video cameras, and new electronic cameras diat display still photographs 
through our television screens. By the mid-1990s, digitized honiC television 
sets will have die potential to become the center for home communications 
systems. They will provide us with the images and soxmds of television, still 
images, screens of text, stereo soxmd, and telephonic servic<is, all controlled by 
our computers. Such hypermedia systems are ah-eady available in prototypical 
research formats. The digital design will increase the ease of manufacturing 
and the capacity and power of the systems, and reduce cost. Within our home 
conununication systems all of the pictorial processes of the home entertain- 
ment industry, and graphic, text, and statistical resources of the business world, 
will be available. 

How we communicate is changing radier quickly. Communication is 
becoming faster, it can reach more people, and do so in print formats, numeric 
and graphic form, or images. 

Creative Expression. Graphic artists have found tools of enormous power 
that make animation a simpler process and give the artist power vO create, on 
screen, a range of visual effects that would have been too time consuming to 
create by hand. Musicians use music synthesizers, which can imitate the sound 
of any instrument in any combination, to write music more quickly and easily. 
The more sophisticated of these music synthesizers have even found their way 
to the stage of Carnegie Hsll. 

The significance of the change in communication technology is not just 
that the work is being done differently, but that the procesi:^ involved in the 
work are changing. People now have to think differently about how they do 
their work. The mental operations involved are changing as information 
becomes more accessible, fester, and of greater magnitude. How we think 
about a problem changes when we can view the problem through imagery. 

Educational Processes Changed by the Technologies 

How are these technologies changing the field of education? Public 
schools have installed computers, bought software, trained teachers to use com- 
puters, installed computer laboratories, and initiated classes in computer 
programming. Some have even bought video disc equipment, video cameras, 
and modems and have joined networks. 
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Yet there is a difference between what is happening in education and what 
is happening in other work settings. The difference is that while other uistitu- 
tions and work settings have adopted the tedmologies into the heart of their 
functioning, and the technologies, in turn, have changed the natme of woric» 
ucation bos not changed a sin^ basic process that is essential to its operation* 
E Jucation has tended to keep the technologies apart (com the b^sic processes 
of learning and teaching. Software is used in schools largely for drill ai? prac- 
tice, for peripheral work for the gifted, or for remedial worfc for the rlow^r 
students. The continuing work of mainstream education has remained largely 
unaffected. 

It is true that schools have lacked sufficient money to invest in tech- 
nologies. But a more basic problem is that educators have not seen that (he 
information technologies are just as central to the operations of education as 
they are to business, research, and the arts. Without this understanding, there 
can be no conceptual framework for the role of technologies in education. 
Without the conceptual framework, there has been no commitment to invest in 
the technologies as a rational educational investment 

The basic processes of education include acquiring information, develop- 
ing communication and cognitive skills, and encoiu^ging certain attitudes and 
behaviors in students. The information technologies are superb at information 
access, analysis, and organisation. They have large communication capacities 
and considerable potential for helping learners acquire certain cognitive skills. 
Yet, the technologies are inserted around the edges of the curriculum, widi stu- 
dents typically assigned only 20-40 minutes a week to a computer laboratory. 
The rest of the curriculum stays the same. 

A Curriculum for the Infonnadon Age 

What is the answer for education? Let us recall how other institutions and 
work settings have used these technologies to see what might be learned. 

The point is not that schools should imitate the workplace in their uses of 
technology. But because many institutions and work settings have foimd their 
basic operation transformed through the use of technology, it makes sense for 
schools to ask how they can transform their environment as well. Do these 
technologies offer any learning or teaching value for the basic processes of 
acquiring information fjXid certain communication and cognitive skills? 

These technologies can change the nature of information itself and how 
we represent it They can change how we view information cognitively. These 
are "learning technologif s.** 
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How might education adapt these technologies into a curriculum for the 
information age? 

Planning. At the appropriate age, perhaps as early as the fiith or sixth 
grade, students could be learning how to use planning as a cognitive skill in 
combination with spreadsheet types of software* Students do not need to be 
taught how to project a business plan or a profit-and-loss statement, but they 
could project demographic changes in their dty or village and plan how to deal 
with the antidpated results* When learning the history of their state and town, 
tliey could also learn about its 'projected future. Students might also complete a 
project on occupational supply and demand, which might influence their career 
choices. Or they could learn to plan their own expenditures, and see — literally 
— the impact of a change in one variable on theL* total budget. 

Information Access. Students need to know how to access information 
through technologies, but they also need to learn how to do so wiA some )udg« 
ment. The speed of transmission creates an illusion that the most recent is the 
best, or most important, or most accurate, which is not necessarily true. A sec- 
ond problem is that only recent information is typically available m data banks, 
although diis will change in time. If students access information at present, 
they will receive an inflated view of the past few years, and run the risk of 
developing a distorted historical perspective. 

Databases are usefol tools to students, which they need to know how to 
search— a feirly complex cognitive process. It requires both a conceptual 
schema around which information can be organized and at least some grasp of 
the scope of the information that may be available. If well taught, the schema 
should be linked to how the database is categorized: to its "search terms" or 
"key words." This activity would be appropriate for late elementary or junior 
high school students. 

Knowing how to access information from a variet}^ of databases means that 
students could learn how to use a wide range of reference materials, including 
computer databases, CD-ROM discs, and videodiscs. Knowing how to use ref- 
erence sources is the beginning of learning how to check the accuracy of 
information and how to discover what one does not know, both of which 
encourage learning on one's own. 

Information Management. Learning; how to store information, analyze it, 
and represent it to others are basic skills for the information age, as well as 
basic educational skills. Students need not create and store in memory vast 
quantities of information, as do research scientists, but they do need to know 
how to store information relevant to their own education. 

In the near future, students may use their own computers to store school- 
relevant information. Until then, it would be useful for them to learn the skills 
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for storing information so that it is easily retrievable. Learning this skill is 
likely to increase the amount of information stored and to increase its utUiza- 
tion, both extremely useful skills. ,,.„.. r . i 

The analysis of information is another essential skill, both for the work- 
place and for education. Students could leam how to use statistical software to 
Analyze information from social studies, science, or mathematics, and m turn, 
devdop an appreciation of how to treat mass data and how to make meanmgftil 

comparisons. ^i 

The represenuition of data is a new skill, becoming more important as the 
human mmd tries to comprehend thousands of pieces of data. The rep;«- 
sentation of numerical information in iconic form is an important new 
communication skill; students should leam how to communicate mformadon 
iconically, graphicaUy, and with mapping techniques. Software is available that 
makes such tasks feasible, but schools need to go beyond these mformation 
management skills to allow students to deal with information itself-what it is, 
how it is changing, and how to evaluate it. ' . 

CoT.^mkation. One of the major tasb of education is to teach commum- 
cation skiUs. A powerful tool for written communication is a word processor, 
which has been demonstrated to improve the speed and ease with which stu- 
dents revise and publish their work. If writing as practiced m the information 
age is to be taken seriously, many more word processors are needed in the class- 
rooms where the children are, not off in laboratories. 

When we turn to pictorial techniques of communication, we step mto the 
world of imagery. Imagery dominates all of entertaimnent, delivers the news, 
carries political messages to voters, advertises what to purchase, sets fashions, 
transmits values through modeUng of behavior, portrays occupations to young 
viewers, accentuates the glory of sports and entertainnier.t figures, miplies what 
is appropriate sexual behavior, and depicts family and home life. Educadon for 
the information age takes on a special role in teaching students how to read 
images, a skill integral to creative expression. . , kt • 

Creative Expression. Music is certainly being made easier to leam. Notadon 
can be learned more easily with technology, and composing and music edidng 
are easier as well. In the field of graphic arts, reasonably priced software now 
makes page layout possible. Graphic databases are numerous; creadng graphic 
designs^d art has become a serious undertaking. Each could appropriately fit 
into the curriculum. 
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Arough the technologies: planning, information access, infonnation manage- 
m«t, cominumcation and creative expression. These changes mean that 

S^r^ t ^ """^ ^ "^'^ ^= When will educator 
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Developing Technology 
Applications for 
Transforming 
Curriculum and 
Instruction 

Charles Mojkowski 



The integration of computers and other 
technologies into curriculum and irstructional practices continues to serve as 
the "Holy Grail" for educational technology advocates. Despite the increase in 
the numbers of computers and the enthusiastic reports in die technology jour- 
nals, their potential to improve learning experiences for students remains 
largely unrealized. 

The questions that teachers, administrators, and researchers have asked 
for several years remain: 

1. How should existing curriculimis and pedagogy be redesigned to accom- 
modate and maximize the use of the technology'? 

2. What are the most appropriate ways to bring technology into the curric- 
ulum? 

3. How can computers and other new technological tools be used as cata- 
lysts to revitalize existing carriculums and in^miction within and across subject 
areas? 
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That these questions persist is testimony to the inadequate quantity and 
quality of documentation and information regarding ti.e effectiveness of 
technology in the classroom (Becker 1987, Bracey 1989). What follows is a 
description of what we know about these questions. 

Background of These Issues 

Despite the growing number of computers and other new technology 
•-Dols in schools, several research reports indicate that their actual use is neither 
extensive nor appropriate. Pogrow, in assessing the current status, argues: 

In genera!, (a) advocacy around the new technology agendas, 

(b) a desire to disseminate the technology as widely as possible, and 

(c) naivete about the complexity of processes needed to enhance learn- 
ing have all conspired to produce patterns of computer use that make 
it almost impossible for computers to contribute to the improvement 

of learning The reality is that there is litde evidence that current 

approaches to using computers enhance learning in measurable ways. 
(Pogrow I98R) 

What is often not made clear is that although computer technologies can 
support a revitalized curriculum and pedagogy, they may have a more limited 
role in actually catalyzing or initiating the changes. Unless educators are will- 
ing to reconceptualize curriculum and instruction (and perhaps the 
organization and process of schooling itselO, they will probably need to be 
quite patient in expecting transformation .o occur through the use of comput- 
ers and other tools. 

In feet, ample evidence shows that computers, videodiscs, CD-ROM, and 
telecommunications can be integrated into the schools without appreciably 
altering or improving curriculum and instruction. Indeed, experts have argued 
that the majority of technology applications in elementary and secondary 
schools are automating and perpetuating learning outcomes and teaching- 
learning practices that are themselves in desperate need of reform (Nix 1988, 
Pea and Soloway 1987, Perkins and Salomon 1989). 

How Technology Is Being Used 

Despite the sparse but robust claims that technology tools can contribute 
to a revitalized curriculum, replication of exemplary practices is meager. In- 
stead, the computers are predominantly used as instructional devices, usually 
for computer-assisted instruction (CAI), that deal primarily with low-level 
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skills. Unfortunately, this type of pedagogical approach contrasts sharply with 
recommendations by those seeking curriculum transformation (Laboratory of 
Comparative Human Cognition 1989, Schwartz 1989, Weir 1989). 

In feet, researchers (Wiske and Zodhiates 1988) report that die traditional 
use of CAI as an instructional technique has little impaa on teachers' use of 
other instructional strategies (e.g., organization of content, organization of 
students, teaching repertoires, use of materials and equipment, and student per- 
formance assessment). Whether or not the CM accomplishes mastery more 
effectively and efficiently, teachers using CAI tend not to focus on more com- 
plex language-processing and problem-solving skills. 

Impediments to Integration 

Curriculum-Instruction-Technology Mismatch 

Just what is it that Pogrow (1 988) is referring to when he dtes the "pat- 
terns of computer use that make it almost impossible for computers to 
contribute to the improvement of learning"? The most prominent pattern is 
the substantial dissonance that exists between the rhetoric of curriculum and 
instructional reform and the ways teachers and administrators use technology. 
The reform messages speak of the thinking child, the independent and self- 
motivated learner who is able to communicate effectively and work 
cooperatively on real-world learning tasks. Juxtaposed to this image of trans- 
formed schooling are the predominant uses of computers as CAI devices. 

Some researchers have also questioned the equity of the use of low-level 
CAI for disadvantaged and other special-needs children, while creative tool 
applications are employed with more able students (Laboratory of Comparative 
Human Cognition 1989). Such an approach is based on a remedial and deficit- 
oriented pedagogy that may be inadequate and perhaps even detrimental to the 
needs of these childres ^iirandt 1986, Levin 1987). As long as these low-level 
uses of computers predominate, it will be difficult to move technology into a 
catalytic position. 

Technology on the Periphery of School Improvement 

In many districts and schook. technology applications, even in their most 
exemplary forms, exist primarily at die periphery of the organization, uncon- 
nected to the district's improvement activities. This circumstance is largely 
attributable to the way that techno^ jy has developed in schools: in a grass- 
roots, primarily entrepreneurial pattem. 
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This entrepreneurial pattern has advantages and disadvantages. An advan- 
tage is that teachers are freed to create innovative technology applications. A 
disadvantage is that these entrepreneurial ways often do not serve the priority 
improvement goals in the district or school. Moreover, these entrepreneurial 
initiatives are difficult to disseminate and replicate to other teachers who are 
less motivated, less knowledgeable, or less entrepreneurial in their disposition 
to change. 

Ofi^n, the persons who manage the technology program are entrepre- 
neurs themselves, and flourish in an isolated, organizational comer of the 
district or school. In the absence of weU-articulated district and school im- 
provement plans, technology initiatives often go their own way, unconnected 
to district and school improvement priorities. Even where these applications 
are exemplary, their separation from those priorities makes their justification, 
particularly their cost-benefit appraisal, problematic. When tiiis separation is 
combined with the inadequate quantity and quality of documentation and eval- 
uation information, these applications become tenuous at best. 

Lack of a Strategic Framework 

The absence of districtwide plans for technology applications has been 
cited as imacceptable by such divergent sources as the National Governors 
Association (1986), die National School Boards Association (Perelman 1987), 
and the U.S. Office of Technology Assessment (1988). It is not uncommon for 
a district to spend himdreds of thousands of dollars on computers and other 
components of a technology support system without a cumculum-ba^sd plan for 
their use. 

The plans that do exist often are based on faulty and piecemeal strategies 
and tactics. Further, some of these plans do not define a strategy for bringing 
about die transformation of curriculum and instruction using technology as 
both a catalyst and support Without such a strategic approach, technology 
applications, even whole "technology curriculums," have been developed on 
the periphery of mainstream school and curriculum improvement. When this 
occurs, there is the risk that the technology curriculums will be unrelated to 
the content area curriculums diat they purport to serve. 

How Might These Impediments Be Addressed? 

None of these impediments is insurmoimtable. Indeed, for each, exem- 
plary approaches are operating in lighthouse schools and districts around the 
country. Five actions appear to characterize these exemplary efforts. 
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Curriculum First, Tecimolog)' Second 

Districts that use technology appropriately and efFecdvely spend time 
working on curriculum revitalization. They work toward a better understand- 
ing among their staff of the w'on of schooling they want. They decide not 
only what outcomes they want for children, but how they wish teachers and 
students to accomplish those outcomes. They give increased attention to think- 
ing, problem-solving, and leaming-to-leam skills within and across the 
disciplines. 

Technology Linked to District and School Improvement Priorities 

Exemplary districts link technology to school improvement priorities. 
They focus their limited technology resources on designing and implemerting 
a technology support system that addresses the priorities established by the 
community and district, and not on bringing in the latest and best technology. 

Developing a Strategic Sense 

Successful districts develop a technology support system plan that is 
guided by its own vision, mission, and goals. These statements are linked to 
those that guide the district and schools in their improvement processes. The 
technology support system plan addresses not only the district's priority out- 
comes (e.g., improving thinldng and leaming-to-leam skills), but the teaching 
and learning environments that the district wants to establish. These districts 
understand the change process and incorporate these understandings into their 
plans. 

Simultaneous Transformation and Integration 

Given the need to work incrementally and simultaneously on both ftonts — 
curriculimi transformation and technology integration — some districts use a 
commonly accepted instructional planning tool: the imit plan. By building on a 
task and a product familiar to most teachers, these districts are able to extend 
the typical conceptualization of instmctional units. These include attention to 
technology applications with a special emphasis on tool applications that 
extend and support incremental transformations in teaching and learning, and 
are based on an improving knowledge base in the education sciences. 

The unit plan is a device for supporting integrative teaching, for blending 
the specific knowledge, skills, and attitudes of a discipline with the more 
generic skills (thinking/reasoning, learning/study, information acquisition and 
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use, and problem solving) that need to be developed across several disciplines. 
The instructional unit plan js a 

• design for teaching a unified segment or component of the curriculum; 

• *'bridge" that links daily instruction to die district's curriculum 
ft-amework; 

• road map for preparing daily lessons; 

• means of accomplishing integrated teaching of skills and information; 

• mechanism for sharing instructional plans among faculty; 

• means of incorporating changes m instructional strategies; and 

• means for integrating technology tool applications. 

The process of developing imit plans provides an ideal forum for staff 
development and a practical context in which questions about transformations 
in teaching and learning practices can be addressed. Within this context, it is 
easier to select technology applications that move beyond simplistic drill-and- 
practice and tutorial software. 

Incorporating appropriate technology applications into instructional units 
is not a casual process, however. The technology resource specialists must be 
deliberate in their identification of opportunities for technology integration. 
This process of instructional unit development avoids a common syndrome ob- 
served in many districts: curriculum improvement committees working 
independently from technology resource specialists (Mojkowski 1987). 

Documentation and Evaluation 

If students in an information-rich environment must learn how to evaluate 
the quality and useftilness of information, make decisions and solve problems 
with it, and communicate their new knowledge to others, then assessments 
need to monitor progress in mastering these competencies using appropriate 
technology tools. 

Exemplary districts maintain docirnientadon and evaluation processes for 
the use of their technology support services. They monitor the implementation 
of technology applications, track student performance in mastering technology 
applications competencies, and assess the effectiveness of technology support 
systems in contributing to the accomplishment of district and school improve- 
ment priorities. 

* * ★ 
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Strategic and programmatic approaches to applying technology to the oir- 
riculum are designed to obtain the maximum contribution from computers to 
the *'evitd(ization of teaching and learning. Without a reconceptualization of 
learning outcomes, and the way the teaching and learning process is organized 
and managed, the predominant applications of technology are likely to con- 
tinue to serve only an archaic, automated functio"*. 

Using computers and other technologies as levers to transform schooling 
is likely to produce meager, short-term results. Any large scale transformation 
of the ways that technology is used is linked to the manner, form, and pace of 
the existing system. Therefore, districts might do better to work on transforma- 
tion and integ^ration simultaneously, in a dialecdc fashion, using small advances 
in one area as catalysts for supporting small advances in another. 

What is less clear is what strategy will move us from the existing largely 
entrepreneurial system of advanced technology users to a situation in which all 
teachers are required to use certain technology tools as part of the curriculum. 
If the research is correct— and the meta-leaming accomplished through tech- 
nology is important— then we mast help teachers operate on that knowledge. 
Some of these requirements are not amenable to implementation through 
knowledge acquisition. Very different strategies, ones that move beyond 
volunteerism, are needed. It is likely that, as Kuhn (1962) suggests, our "ror- 
mal science" of technology use will not result in any significant transformation 
until the transformation in teaching and learning takes place. 

A strategy for bringing about a transformation of curriculum and instruc- 
tion with and tlirough a technology support system requires a deliberate and 
dialectic process in which incremental modifications in curriculum and instruc- 
tion are matched and supported with technology tool applications that, in turn, 
stimulate additional transformations in curriculum and instiaiction. The strat- 
egy is a deliberate attempt to bridge the gap between the actual and the 
potential; between the islands of teclmology innovation and the perpetual pilot 
programs conducted by a small core of voracious volunteers and the teachers 
who often do not use technology at all to support their teaching. Using an in- 
cremental approach to the accomplishment of the grand design, classroom 
teachers and technology resource specialists, through successive approxima- 
tions, can address the requirements of a transformed curriculum. 
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.innesota's Independent School District 
(ISD) 279, Osseo Area Schools, is a suburban Minneapolis school district serv- 
ing several small communities in an area that covers more than 66 square miles. 
The district's population is growing, with almost 19,000 students currendy 
enrolled in 18 elementary, 3 middle/junior high, and 2 high schools. These 
schools are staffed by over 1,200 teachers and administrators. 

In recent years, ISD 279, like other districts of this size and type, has faced 
a continuous barrage of opportunities and obligations to explore new applica- 
tions of instructional technologies. Administrators, teachers, parents, 
developers, vendors, and others seemed endlessly involved in lobbying or nego- 
tiating for the adoption of another innovation. Management of these projects 
became a serious concern, with limited financial and personnel resources dictat- 
ing that effective implementation decisions be made. It became clear that a 
process was needed to help determine which proposed innovations could be 
meaningfully implemented with such finite resources. 
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For ISD 279, a Computer/Technology Advisory Committee, made up of 
teachers, administrators, parents, and a imiversity representative, has proved to 
be the answer. And for nearly four years, ISD 279 has used this unique process 
to assist ^vith decision making about the implementation of new technologies 
and/or technology-related teaching strategies into the curriculum. The process 
is based on practical experience and research on the implementation of educa- 
tion innovations (Fullan 1982; Hall, George, and Rutherford 1979; Showers, 
Joyce, and Bennett 1987; Staszand Shavelson 1985). 

Chaired by a former classroom teacher, and working from wthin the 
District Education Service Center, the Advisory Committee has five 
responsibilities: 

1. To establish local investigatio*iS involving computers and related 
technology. 

2. To receive reports from investigation sites. 

3. To evaluate local investigations and studies at external sites. 

4. To communicate outcomes of invest^<»^ ions to standing committees or 
task forces. 

5. To make recommendations for districtwide installation of effective 
computer/technology applications to the Directors of Instructional Support 
Services, Elementary Education, and Secondary Education. 

Providing opportunities to investigate as mzny promising educational 
innovations as possible is central to fiilfiUment of the Advisory Committee's 
mission. Therefore, a systematic strategy involving iix steps has been devel- 
oped. Each step is listed here and is elaborated upon more folly in the 
following paragraphs. 

1. Elidt proposals from teachers and building-level administrators inter- 
ested in investigating a specific application on a small scale. 

2. Revie\ proposak and determine which are to be fonded. 

3. Provide support for funded investigations to assure design, implementa- 
tion, and evaluation. 

4 *\ssign committee members to visit investigation sites to observe the 
implementation. 

5. Require personnfil involved in the investigation to file and present a 
formal report to the committee. 

6. As a committee, recommend whether an investigation should be termi- 
nated, continued in order to gather more data, or implemented districtwide. 

Eliciting ProposaL In the fall of each year, a newsletter is distributed 
throughout the district announcing the investigations fonded for the upcoming 
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year and recognizing the individuals and schools involved (see Figure 4.1 for a 
partial listing of previous investigations). This newsletter serves to stimulate or 
rekindle interest in the investigation process. During winter quarter, a call for 
proposals is made and all teachers and administrators, including those who may 
have previously expressed interest, are encouraged to subm t formal proposals. 



Figure 4.1 



A Partial Listing of Investigations 
Approved by the Advisory Committee 

1987- 1988 
Voyage of the Mimi 

Mastery management matched to elementary mathematics 
Classroom computer matched to mathematics intervention 
strategies 

Videodisc coui-seware matched to low-achievement areas of 

mathematics 

Videotape loan library 

Two-way television for precocious readers 

Graphics capabilities of the Apple lIGS in art 

Interactive videodisc authoring — science 

1988- 1989 

Mathematics management (elementary) on the Omninet net- 
work 

Software loan system for "Assurance of Mastery" 
Foreign language instruction with videodiscs 
Teleconjmunication technology in business education (senior 
high school) 

Telecommunication technology in the elementary curriculum 
Desktop publishing in the elementary curriculum 
Algebra I — networked computer-based instruction and man- 
agement 



ERIC ^ 



'1 



Decisions about Computer and Technology Impiemcntation 



In light of the busy schedule of rfiose making proposals, and in an effort to 
elicit as many good proposals as possible, the format proposing an investiga- 
tion is short and focused (see Figure 4.2). Background information for the 
project, the objectives or intent of the investigation, hardware and software 
needs, the target population, and staff training requirements must be included. 



Figure 4.2 

An Annotated Investigation Proposal 
Form for Computer/Technology 
Investigation Proposal 

Name of person submitting proposal^ 

Date. 

Building 

Phone , 

Title of Proposal 

Background 

Briefly describe a problem you would try to resolve, or a goal you would at- 
tempt to achieve, a new form of technology you want to try, or a new 
application you want to investigate. 

Intent of die Investigation 

Briefly describe how this investigation would increase efficiency. 
Here are some examples: 

1. Use of this technology notes cost effectiveness (less labor/ increased 
production) 

2. Use of this technology decreases time on task. 

3. Use of this technology increases time on task. 

4 Use of this technology increases understanding and/or retention of informa- 
tion. 

5. Use of this technology decreases attrition (absence-dropouts). 

6. Use of this technology facilitates reaching a larger audience. 

7. Use of this technology increases attention or interest. 

Sc. :re/Hardware Requirements 

Iden. ^y specific hardware and software needed and a budget. 

Target Population 

Identify the student population that will participate in the investigation. 
Staff Training Requirements 

Identify the training budget necessa.v to get the investigation underway. 
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Proposal Review, In late Februaiy or early March, the Advisory Committee 
meets to review the proposals for new investigations. Proposals usually involve 
a minimum number of teachers, classrooms, and grade levels. 

Criteria for selection include demonstrated need, demonstrated interest 
among teachers, die number of students to fae served if the implementation is 
successful, potential for cost effectiveness, and degree of innovation. In addi- 
tion, an attempt is made to see that investigations are not concentrated at a 
single grade level or within a few schools. 

The Advisory Committee forwards recommendations for future investiga- 
tions to die administradve staff for consideration during budget planning. Final 
approval of investigations is contingent on allocation of adequate resources. 

Support, In addition to securing financial support for materials and train- 
ing, the Advisory Committee makes recommendations on design, 
implementation, and evaluation. Technical support is also available from the 
staffin Ae district^ Education Service Center. Every effort is made to ensure 
that the implementation and evaluation are as complete as possible so that an 
accurate assessment of the implementation versus potential can be made. 

Visits and Observations, Each member of die Advisory Committee is asked 
to identify several investigations of particular interest and to serve on observa- 
tion teams. These teams serve several functions. Aside from the obvious 
data-gadiering fimctions, diey also demonstrate to die teachers involved diat 
the Advisory Committee is interested in the investigation. Their visits provide 
an opportunity for the teachers to discuss their experiences. 

Observers are asked to complete observation forms (see Figure 4.3 for a 
list of questions) at each site. The forms are used to focus the observer's atten- 
tion to issues related to operation and management, quality of materials, 
student attitude and achievement, curriculum and instructional practice, and 
the investigator's current perceptions of the investigations' progress. 
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Figure 4.3 



Observation Questions 
Computer/Technology Investigations 

MANAGEMENT/OPERATIONS 

1. How was the technology used (large groups, small groups and/or 
individuals)? 

2. Was the technology usable in the classroom and/or laboratory? 

3. Did the technology require support staff to operate? 

4. Was the technology easy to use? 

5. Was the technology obtrusive? 

6. Does this system Improve teacher decision making? (e.g., reteech- 
ing, small grouping, placement) 

7. Does this system replace manual clerical work? (e.g., test scoring, 
progress reporti g, and/or recordkeeping) 

8. Doss the system release teachers from clerical work? 

9.. Does the use of the system increase the teachers' clerical work? 

10. is there a ratio of toachers/classroomtothe amount of equip- 
ment per station? To r umber of stations per building? 

11. What types of prerequisite skills are necessary for effective train- 
ing (hardware, soTtware, management)? 

12. How much training was required with the system? 

13. Was proficiency necessary before application or was some on- 
the-job training justified? 

14. What follow-up training should occur? 

15. Did the system facilitate activities that could/would not be done 
otherwise? 

16. What will we IcseArade off through application of this system? 
(teacher time, personal interaction, affective curriculum) 

17. Did the system introduce/facilitate or promote student and/or 
staff behavior appropriate to the "school of the future"? 
(Questions 15-17 also apply to the other categories.) 

QUAUTY/APPROPRIATENESS OF 2VIATERIALS 

1. Was the hardware reliable under normal use? 

2. Was the hardware applicfition specific or flexible? 

3. Was the hardware metched to the target group? 

4. Was the software compatible with our hardware? 

5. Are network versions, lab packs, or site licenses available? 

6. Was the softwase easy to use? 

7. Was the software worth the effort (time efficient) for the output 
obtained? 

Continued 
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8. Was the software of good instructional design? Were there any ob- 
vious shortcomings as you worked with It? Any aspects or features 
you wished it contained? 

9. Was ti.a software readily available? 

STUDENT 4CHlli\'EMENT AND ATTITUDE 

1. What is the impact of use on student achievement on traditional 
objectives? 

2. Does use promote attainment of new student competencies associ- 
ated with computers and related technology? 

3. Are new student competencies more possible or enhanced by this 
technology? 

4. Were the students willing to use the system at first? Over the lona 
haul? 

5. Were the students confused by the system at first? Over the lona 
haul? 

6. Did students choose to use the system over other altf -natives? 

CURRICULUM AND INSTRUCTIONAL PRACTICE 

1. Does use aid the learner in attaining currently defined curriculum 
objectives? 

2. Does use suggest modification of current curriculum objectives or 
addition of a new, describable pool? 

3. What principles of instruction are employed through use of the 
system? 

a. Retention 

b. Motivation 

c. Reinforcement 

4. Does the system increase student efficiency in practicing target be- 
haviors? (e.g., does word processing enhance guided and 
independent practice of specific writing skills?) 

5. Is the system used to provide corrective teaching as needed? 

6. Does the system allow for adjusting the instructional time (time on 
task) to enable students to reach outcome goals successfully? 
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lnvestigator($) Report, Individuals involved in each investigation are 
required to make a formal presentation and to file a brief report to ifae Advi- 
sory Committee upon completion of the investigation. These reports describe 
the implementation, simimarizc the results, and present recommendations. 

Committee Recommendations, The Advisory Committee makes recommen- 
dations to the district's central administration b.\sed on the observations and 
reports filed on each investigation. Possible recommendations are: 

• Discontinue — terminate an investigation and consider it unsuccessfid 
or inappropriate. 

• Continue — continue an investigation so that additional data can be 
gathered before a more specific recommendation can be made. 

• Extend — extend the scope of an investigation by adding related 
hardware or software at the original site. 

• Expand (Pilot) — add additional sites to determine if the implementa- 
tion can be generalized. 

• Install — implement the innovation (in appropriate classes or at the 
appropriate level). 

The Advisory Committee's recommendations are, of course, advisory only. 
Decisions, at the district level, are made after considering the recommendation 
in light of the budget, curriculum plans, reports from other committees, and 
other relevant information. 



The benefits, both direct and indirect, of the investigation made possible 
through the Computer/Technology Advisory Conunittee process have been 
many. Perhaps the most important of these is that the district has been able to 
investigate the potential benefits of a variety of educational technologies and 
technology-related teaching strategies and use the findings in districtwide 
implementation decisions. The model keeps individual investigations small, 
thereby deu casing the cost (and risk) to the district and increasing its ability to 
investigate a widtr range of innovations. 

Additionally, the opportimity to submit proposals has been recognized by 
many teachers and administrators as a positive and progressive change. The 
process provides a direct means for teachers interested in a technology applica- 
tion to initiate an investigation into its feasibility. Thv funding of a proposal 
serves to recognize that the investigator's idea is of value and enhances his or 
her perceived status in the school or district. 



Discussion 
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Of course, there have also been problems with the execution of the pro- 
cess described above. For example, materials ordered for use in investigations 
have sometimes arrived late and technical problems have occurred, forcing eval- 
uations and recommendations to be delayed until the following year. In one 
instance, a teacher was awarded an investigation in the spring but was reas- 
signed by fall, and the investigation had to be offered to the replacement 
These problems, however, have been greatly outweighed by the benefits. 

Future of the Program 

The model used by ISD 279 requires that the environment in which the 
innovation will be investigated is the same one from which the proposal origi- 
nated. Before becoming involved with the hardware or software, individuals 
must invest sufficient effort to develop a compeUing proposal. This process 
demonstrates their dedication to the idea and gives them an opportunity to 
begin acquiring the knowledge necessary to make the investigation successful. 

In addition to providing guidance to the district on implementation ques- 
tions, successful investigations develop an internal pool of experienced, 
knowledgeable, and usually enthusiastic individuals. These individuals are an 
invaluable resource during districtwide implementation. At inservice training, 
their experience and enthusiasm are especially useful in convincing others to 
make a genuine effort. 

The small size of the initial investigations minimizes the damage of unsuc- 
cessful investigation in terms of dollars spent and teacher and student time 
invested. And they are not without benefits even if unsuccessfiil. Teachers 
involved in the projects gain from the opportunity to determine how they will 
teach and the tools they will use, as well as the direction of instruction within 
die district 

As each year passes, minor revisions are made to streamline and 
strengthen the investigative model. There is litde doubt that this model will 
continue to be used and evolve as long as it assists the district's administration 
in making difficuh decisions about technology implementation. 
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Necessary Transitional 
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. , „ -^n a few decades, keyboarding skills may be 

as obsolete as proper buggy whip techniques" are today. Already we have 
developed pnmitive voice input devices that aUow people to use everyday 
speech to communicate with computers. Ln a relatively short time, direct voice 
or even direct-thought communication with computers wiU be as common and 
accepted as receiving visual images on television sets. However, until that time 
keyboarding must be considered an essential transitional skill that all students ' 
should master in order to communicate with machines. 

Keyboarding is the ability to effectively use the mnea fingers; on the cor- 
rect keys in a manner consistent with practices used by those proficient in using 
a keyboard to enter information into a computer's memory. Keyboarding 
increases efficiency in communicating with a computer and reduces pereonal 
trustrauon caused by delay and inaccuracies when entering data. Keyboard 
practices include the ability to input information without looking at the keys 
with high accuracy and speed. Keyboarding is distinguished from word process- 
ing and typing in that less attention is given to formatting, completing 
forms,and performing odier activities relating to business practices, and more 
attenaon is given to entering information efficiently 
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Setting Up a Keyooarding Program 

School districts that have successful keyboarding programs report that ' 
they began with a clear understanding of how keyboarding skills help reinforce 
desired curriculum and instructional objectives. They used those objectives, in 
ttm, to reinforce the keyboarding skilk identified for their keyboarding pro- 
^.•ams. 

Underlying these objectives was the assumption that successful keyboard- 
ing instructions help teachers and students feel more empowered and in 
control of their leamirig. Technology can help individualize and extend educa- 
tion (see Educational Uadmbip, March 1986 and Educational Technology, March 
1989 for a more thorough examination of philosophical and inservice issues 
associated with computers). Effective use of computers assumes individualized 
interactions with computers that allow efficient input from users. Given the 
limitations of today's interactive devices, keyboarding remains the major option 
for interacting with computers. 

To ensure that diese philosophical ends and educational objectives are 
served by having students keyboard data into computers, there tst several key 
questions that must be addressed: 

• What are the ideal grade levels to introduce keyboarding instruction? 

• What should the keyboarding objectives be and how much time should 
be devoted to keybairding instruction for students? 

• Who should provide t!ie instruction? 

• What software should be used ^vith particular students? 

What Are die Ideal Gr^ ie Levels to Introduce Keyboarding Instruction? 

It is interesting to note that the introduction of keyboarding skills pre- 
cedes the personal computer. Sinks and Thurston (1972) fotmd that over 900 
studies were made between 1932 and 1972 that consider the impact of type- 
writers in classroom instruction. Many of those dealt with appropriate grade 
placement. 

Keyboarding should be introduced when students are intellectually, 
attitudinally, and physically capable of benefiting from the instruction and be- 
fore computer use requires more riian single key interactions that might lead to 
"hunt and peck" habits. Many researchers and practitioners (Jackson and 1986, 
Kisner 1984, Rauch and Yanke 1982, Stoecker 1988, and Warwoood 1985) 
agree that the 3rd through 6th grades seem the most appropriate time for be- 
ginning formal keyboarding instruction, with 4th grade seeming the most 
desirable. For instance, Cowles, Hedley, and Robinson (1983) reported that 
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7- and 8-year olds experienced success and stayed with the keyboarding task* 
Oksendahl (1972) reported that some students under the age of 10 could type 
up to 45 words a minute using appropriate keyboarding techniques. Although a 
number of schools initiatie keyboarding at the 4th or 5tfi grades, many schools 
have successfully taught keyboarding at the 3rd-grade level and even lower. 
Classroom teachers at Stevens Creek Elementary School in Cupertino, Califor- 
nia, have successftilly taught keyboarding to 2nd graders with die aid of 
Sunburst's Type to Learn, which seems well suited to students of that age. By 
charting their progress, students in the computer-saturated classrooms at Ste- 
vens Creek discovered that they could type faster than they could print. 

Most educators, however, select the middle grades for keyboarding instruc- 
tion, because they believe that children in the 3rd through 6th grades have 
deficient motor skills and lack sustained motivation. There is also an assump- 
tion that because students are reading and writing sufficiently well in the 
middle grades, computer use will accelerate their learning opportunities. Keep 
in mind that it is at the middle-gn^de level that students begin to undertake de- 
manding research and writing assignments that require or are significandy 
enhanced by keyboarding skills. Further, in the various content areas beginning 
at the middle grades, software is sophisticated enough to require individualized 
interaction with the computer. 

The appropriate time for introducing keyboarding skills should be seen 
less as a function of age or grade level than die student's need for the skill. 
There seems to be littie point in teaching a skill that students will not have the 
opportunity to practice in a meaningfid way. Much of the available early learn- 
ing software requires students to enter their na^ne and thereafter respond by 
single-key presses. In addition, many of the recent copyright software packages 
for that level take advantage of the mouse-interfiace of the newer computers, 
such as the Apple IIGS* and Macintosh, which are becoming increasingly prev- 
alent in the schools. It would seem, then, that keyboarding instruction should 
coincide with the introduction and use of word processing software. 

To wait until the middle grades to develop keyboarding skills, however, 
risks that students will learn hunt-and-peck techniques that will be extremely 
difficult to extinguish at a later date. Educators, therefore, should heed die re- 
search and plan to introduce keyboarding at aboit 4th grade. 



*Applc DGS is a trademark of Apple G)rporation. 
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What Should the Keyboarding Objectives Be and How Much lime 
Should Be Devoted to Keyboarding Instruction for Students? 

There is no clear agreement among researchers regarding keyboarding 
objectives and expected speeds. Jackson and Berg (1986) believe that the pri- 
mary objectives of keyboarding instruction should be die correct manipulation 
of the alphabetic keyboard and appropriate keyboarding techniques that in- 
clude body positioning, keystroking, and operation of the space, return, and 
shift keys. They reported that 30 hours of instruction over a 2- to 3-year period 
provides the best results. They also suggest that instruction should be in 20- to 
30-minute blocks and strongly recommend that only pass/fail grades be given. 

Kisner (1984) and the Minnesota Curriculum Services Center (1984) sug- 
gest that students be able to type 25 gross words per minute (wpm) before they 
are considered keyboard competent. Others, such as Wetzel (1985), believe 
that goals should be as low as 10 wpm, because keyboarding instruction, al- 
though important, should be practiced in the context of the existing 
curriculum. Approximately 12 hours in 30-minute blocks over a year should be 
devoted specifically to keyboarding instruction, according to Wetzel. 

Who Should Provide the Instruction? 

Jackson and Berg (1986) indicate that either elementary or high school 
typing teachers could provide instruction if they have a high interest in teach- 
ing keyboarding and have taken methods courses in keyboarding and 
appropriate courses that help them in working with elementary students. This 
does not preclude other teachers and professionals who have sufficient key- 
boarding training. 

What Software Should Be Used with Particular Students? 

Keyboarding software must be motivating and provide positive reinforce- 
ment. Knapp (1984) recommends the following additional characteristics of 
quality keyboarding software: 

1. Throughout the prog»-an^, frequent feedback about typing accuracy and 
speed should be given. 

2. The program should display upper- and lower-case letters, and the user 
should be able to recognize the difference when searching for errors. 

3. Error corrections should be possible while typing the exercises. 

4. Students should be able to escape from a lesson and return to a menu at 
any time without having to reboot the system. 

5. The program should provide space for teacher-created exercises. 
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6. The user should be able to establish die words-per-minute goal as part 
of the time drill. 

7. The program should provide a management system diat keeps track of 
students' progress. 

8. The program should allow students to select exercises that focus on 
speed, accuracy, or both. 

9. The program should contain an appropriate vocabulary for the grade 
levels for which it will be used. 

The keyboarding software on die market runs the gamut from arcade- 
style drills designed to improve the speed of individuals who already have 
keyboarding skills to complete packages diat begin with the correct placement 
of the fingers on the keyboard. Some recent additions to the keyb. ^ding 
software market include packages that employ some elements of artificial intel- 
ligence. Mavis Bcaam Teaches Typing by Software Toolworks is an example of 
this new genre of keyboarding software. However, software choices will depend 
on a number of factors, including hardware compatibility, cost, licensing 
arrangements, the n'unber of computers available, the presence of a hard-disk- 
based network, and die skill of die instructor. 

Case Study: Blue Earth, Minnesota 

The Blue Earth Public School in rural Blue Earth, Minnesota, a K-12 
school, foresaw die importance of developing keyboarding skills as a precursor 
to using the computer effectively as a writing tool. In 1981, the school devel- 
oped a comprehensive plan for integrating techno.o3y "^^o educational 
process, which, among odier goals, called for the development of minimum 
keyboarding proficiencies at the elementary school level. Students had dieir 
first contact with computers and began keyboard femiliarization activities in 
kindergarten. Formal keyboard instruction was introduced as the students 
began to move beyond traditional computer-assisted-instructional (CAI) activi- 
ties to use the computers for word processing. 

In 1984, many of die goals of the technology implementation plan were re- 
alized in the establishment of an expsrimental, technology-rich classroom at 
the 4th grade level. In this classroom, each student had access to a computer at 
a workstation. If the students were to make the most efficient use of the tech- 
nology available to them, it was imperative that they develop some competency 
with keyboarding skills. To this end, a business education teacher was hired to 
teach keyboarding skills in an intensive, two-week course in which the students 
were instructed in two 45-minute sessions per day. Daily half-hour sessions 
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followed for the next six weeks. At the end of that time, students were touch 
typing at speeds of 30 wpm and up. Keyboarding skills were practiced throuj^ 
out the year via occasional speed drills and extensive use of the skill dimfig 
writing activities. 

The success of the 4th grade students in the e3q)erimenta! classroom 
removed ail doubts concerning the appropriateness of teaching keyboanling at 
that level and raised a new question. If 4th graders could readily devekip key- 
boarding proficiency, could 3rd graders as well? With the establishmdit of 
additional technology-rich classrooms and the increased availability of comput- 
ers for all students, the Blue Earth School launched a keyboarding skills 
program in 1985 for all students in grades 3, 4, 5, and 6. The program, which 
was considered to be successful, continues today with few modifications* 

A Closer Look at die Program^s Activities 

Beginning in kindergarten, under the direction of classroom teachers, 
students are farst introduced to the computers throu^ keyboard familiarization 
activities, charts, and picture keyboards. Tie Friendfy Computer from the Minne- 
sota Educational Computing Corporation (MECC) is the software of choice, 
partially because MECC products are available through a cost-effective licens- 
ing arrangement at the sdiool. No emphasis is placed on correct fingering, 
since the software used by students at this level generally requires single lay- 
press responses. 

Formal keyboarding instruction begins in 3rd grade, with additional 
instruction and reinforcement continuing into grades 4, 5, and 6. Reinforce- 
ment includes reviewing keyboarding techniques when creating databases in 
social studies classes and creative writing in language arts classes. The high 
school business education teacher assists individual students. The dassroom 
teacher, while not responsible for ^eyboarding instruction, is expected to rein- 
force appropriate keyboarding techniques during practice sessions and when 
the students are engaged in activities, such as v/ord processing, which require 
the use of the skill. The business education teacher chose to use the elementary 
keyboarding textbook from Southwestern Publishing, coupled with a word pro- 
cessor tha t gives the students a blank screen on which to practice. Also 
available for keyboarding practice and review are a variety of software pro- 
grams that include The Wonderful World of Paws from Southwestern Publishing, 
the MECC keyboarding- series, type! from Broderbund, and Tufs Typer from 
Roger Wagner Publishing Company. The choice of software is limited to 
products from companies that are willing to make reasonable licensing 
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arrangements for multiple copies of their software and the schoors network's 
ability to use the software. 

Scheduling of Instruction 

Third-grade students learn the use of all keys, including kej^ that are pecu- 
liar to computers, during a nine-week period. Students receive 15 minutes of 
instruction from the business education teacher, followed by 15 minutes of 
practice time under the supervision of dieir classroom teacher 3 rimes per 
week. 

Time for the keyboarding instruction is taken from the language arts cur- 
riculimi block since die skills are deemed necessary for writing. Once students 
have acquired some proficiency with keyboarding skills, classroom teachers are 
expected to provide the opportunities for students to exercise those skills by ini- 
tiating word processing activities. 

Third-grade keyboarding is followed by a nine-week refresher at the 
beginning of fourth grade, four weeks in fifth grade, and two weeks in sixth 
grade. Keyboarding instruction is optional beyond that point and not available 
again until ninth grade. Students who e :er the school for their first time are 
placed in the keyboarding class currently in progress. 

Personnel 

The choice of a business education teacher for keyboarding instruction 
forestalled two difficulties often encountered when implementing elementary 
keyboarding programs. First, the elementary teachers were not required to 
teach a skill they may not have mastered themselves; second, the hig^ school 
business education department supported the program because they were 
assured of -ts integrity. 

In many instances, such an arrangement with the business teacher is im- 
possible or, at best, difficuk. Business education teachers frequendy oppose 
elementary keyboarding and bemoan the prospect of rectifying improperly 
taught skills when the students reach high school. VlTiile reality frequendy dic- 
tates that the teaching of keyboarding skills falls to elementary classroom 
teachers, computer teachers, or computer lab supervisors, it is advisable to seek 
the support and involvement of the high school business education department 
to whatever degree possible. 

Business education teachers can also assist in the implementation of ele- 
mentary keyboarding programs by becoming involved in the selection of the 
software and textbooks that will be used. They can also hold workshops for 
individuals who will teach the keyboarding classes, instructing them on 
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appropriate techniques and methodologies. These classes are particularly use- 
ful for teachers who have never enrolled in a typing course or who have not 
participated in a typing/keyboarding course since high school. 



Keyboarding will be an obsolete skill in our students* litetimes. However, 
imtil technological developments are perfected and schools can afford these 
new tools for conununicating with computers, keyboarding remains an essen- 
tial skill. Certainly, the alternative — students ineffectively and inefficiently 
interacting with machines in a hunt-and-peck manner — is undesirable. Schools 
need to provide students with appropriate instruction tttat will allow diem to 
interact efficiently with computers. Otherwise, they will be at a great disadvan- 
tage compared with students who can use the keyboard. 
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Interactive Informati^i^ 
Systems 

Franks. Withrow 



ith technological innovations, there is 
always a trade off between old and new. Educational decision makers must care- 
fully weigh such benefits and costs when considering the introduction of a new 
technology to improve learning. It is particularly critical to wei^ benefits and 
costs when considering the use of interactive information systems. Defined 
here as technologies that enable learners to act on audio, visual, and textual 
informatioa at their uvoi pace, these systems provide teachers and students 
with cost-effective educational resources. 



A Closer Look at the Systems 

Among the most exciting of the new interactive information systems are 
components of optical storage systems: 

• \^deodisc 

• Compact Disc Read Only Memory (CD-ROM), 

• Digital \^deo Inceractive (DV!), and 

• Compact Disc Inteiactive (CD-I) technologies. 

The standard !2-inch laser videodisc can store 54,000 single-frame pic- 
tures on each side. Each picture is accessible in seconds and can be played as 
full-motion colored sequences with stereo soimd. Coupled with a computer, 
such interactive systems can enter into a dialogue with the learner. Even with- 
out the computer control, such systems offer the teacher and student access to 
a large, visual database. The combination of the^c p*-grams with CD ^.OM 
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systems offers a new configuration of learning technology with a wide range of 
demonstrated industrial training applications, from basic electronic courses to 
management courses. 

A number of interactive programs in science and mathematics have been 
used in elementary and secondary education. While these technologies are not 
yet widespread, there is a growing awareness of them, and a number of new 
programs are being developed in the United States and England. 

Some of the first applications of these technologies were much like refer- 
ence books that displayed print, colored pictures, audio information, fiill 
motion sound, and simulations of real experiences. .\nd characteristics have 
since expanded. Users can now 

• either compress or expand events in time, 

• view dramatizations of recreated historical events (in some cases, actual 
footage of 20th-century events are available), 

• control simulations of dangerous or violent events, and 

• make micro and macro examinations of events and experiences. 

For example, an internal combustion engine can be explored through an 
animated voyage through its cycles of operation. The learner can direct the 
speed of the voyage and call upon stored information to supplement the 
animations. 

Ultimately, as the technologies develop, they have the potential for cost 
reduction. For instance, the 1^89 price for the regular print version of Gfvllier 
Encyclopedia was $800, but the price was only $80 for the videodisc version and 
^200 for the CD-ROM version. It is also expected that as tliese systems be- 
come mtegral parts of home iclevision and communications systems, with the 
average citizen having access to ^hesc bodies of stored knowledge, costs will 
decrease accordingly. 

What Happens in the Classroom? 

One of the great challenges facing educators in the next few years is how 
to integrate th^se technologies into typical classroom routines. Or better still, 
how to use these systems to extend students' learning. In the largest sense, they 
represent tools that can enhance the content of the curriculum— tools that 
both teachers and students can use to refine and develop their understanding of 
a subject area. 

iMany products are currently available or under study that illustrate the 
use of these systems to enhance learning. One example of this is a product on 
bioscience developed by Joe Clark, President of Video Discovery, Inc. At the 
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fingertip of either the teacher or student on the Bioscience disc are slides with 
animated sequences on DNA and actual motion sequences on cell division. 
Teachers and students can use this resource daily, looking up references to bio- 
science questions as they would in a traditional reference book. With these 
materials, teachers and students are able to examine in detail the micro and 
macro aspects of bioscience. 

The development of laser videodiscs, CD-TIOM, and various interfaces 
with computers, such as HyperCard, enable users to index, file, and retrieve a 
massive amount of data. Such systems move back and forth firom print to pic- 
ture to motion to soimd and various combinations with maximum ease. 

An example of this type of hyper screen capability is being developed 
experimentally by Apple Computer, Inc. and Scholastic, Inc., using videodisc 
and the HyperCard. Such relational databases allow the user to track through 
the system in an infinite array of paths that include such thmgs as the Federalist 
Papers, excerpts from the Contra Hearings, historical footage from newsreels, 
and countless still photographs and drawings. A student can even explore pre- 
pared explanations of the Civil War from the viewpoints of President Lincoln 
or Robert E. Lee. 

IBM, using their InfoWmdo system, developed a similar product for exhi- 
bition during the celebration of the 200 years oi the Constitution. Their 
database includes many items related to the Constitution, in addition to items 
relevant to issues of today. 

★ * * 



Years ago, we could expect our t^ia^rhers to be all-knowing resources of 
mformation. Today, in a given subject area, the knowledge explosion is so fast 
that even leading experts have difficulty assimilating the developments. Thcie- 
fore, teachers must have tools at hand to help students acquir r.e knowledge 
and experiences needed to master specific content areai It is important to 
remember that 90 percent of all of the scientists the worid has ever known are 
alive today No scientist today, whether medical doctor or research physicist, 
can hope to keep up ^vith developments without life-long learning. 

The chillenge of teaching and learning in the next century will be to know 
how to seek out information, how to ask the relevant questions, how to use this 
information to express new i^eas, and how to find the resources available to 
each user. It ib essential that our schools join with all other aspects of society in 
increasing iheir productivity^ through appropriate applications of technology. 
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The most disadvantaged in the 2 1st centmy will be those whose acress to inter- 
active information systems is limited or nonexistent. 
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Using 
Computer-Assisted 
Instruction to Support 
Learners 

Glenn H* Crumb 



In recent years, educators, parents, and the 
pubbc have asked about the relationship between computers and educational 
goals. Practitioners have become informed consumers who demsnd reliable, 
valid courseware that is error free and "user friendly." Their sophistication also 
leads them to seek courseware that makes appropriate use of sound learning 
principles, productive teaching methods, and accurate content. The power of 
the computer is being used to provide support for content instruction, manage- 
ment for learning, and documentation of both time on task and learner 
achievement. Finally, and perhaps mc^t significantly, the computer's use is 
being expanded to include helping the teacher apply diagnostic-prescriptive 
teaching practices that use the UiT?e of both teacher and learner more effi- 
ciently. Computer-assisted instruction (CAI) is giving the educator a tool to 
increase educational effectiveness and provide accountability. 

Many schools find the costs of quality CAI software too high. Although 
numerous systems for developing one's own software are now available, devel- 
oping and producing quality CAI software is still quite costly. But, as in the 
case of hardware purchasing decisions, the real cost lies in selecting poor soft- 
ware. Educators must determine that software meets content validity, has a 
good learning design, is error free, and is appropriate for the grade and age 
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level of the user. Many programs are available on floppy disks in a wide range 
of school subject areas. 

Advantages to Using CAI 

When looking at the time investment and cost factors, educators must 
examine the "trade offe." There are some definite advantages to using CAI. A 
brief summary of these advantages, which many practitioners believe offeet llie 
costs, follows. 

Improved Achievement 

Bangert-Drowns, Kulik, and Kulik (1985) and many others have con- 
ducted meta-analysis of research studies on CAI effectiveness and found diat 
students receiving CAI scored better on standardized achievement tests than 
did their peers who received no CAI. They also found that CAI-tau^t stu- 
dents had better retention and that CAI improved the speed at which students 
learned a given amount of material. 

Two inferences follow from this research. First, CAI can make learners' 
time on task more efficient. Given the rate at which knowledge is increasing, 
more efiScient learning grows in importance as each year passes. Second, educa- 
tors and researchers should try to identify hardware and software that 
specifically leverages the power of the computer, not only to provide instruc- 
tion but also to meet the specific needs of the learner. As the search for more 
effective and efficient means of learning continues, the computer can become 
an effective tool for data collection to document the information needed to test 
various instructional models and their costs. 

Data collected from projects conducted in a variety of school settings 
(including California, Kentucky, Louisiana, and Massachusetts) provide evi- 
dence of class-average achievement gains of more than 1 year for every 25 
hours of time on task, consisting of computer-generated drill and practice in 
reading or mathematics. The students in these models received ten minutes of 
CAI time on task each school day, with teachers providing individualized con- 
cept instruction based on diagnostic-prescriptive information generated by the 
computer. Students were involved in at least one teacher-reported, motiva- 
tional CAI activity each semester The hardware used to deliver the CAI 
included either terminals connected to microcomputers or stand-alone micro- 
computers. In most cases, school sites were connected by telephone or 
microwave systems to a centrally located minicomputer. 
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The costs of communications, courseware, hardware, and system mainte* 
nance appear, at first, to be beyond the reach of most schools. But given the 
achievement gains they reported, the ability to document student progress at 
will, and the high efficiency of mastery achievement, the costs may well be less 
than investing in hardware and courseware on floppy disks that have none of 
these advantages. 

Expansion of Services 

Schools using centrally located mainframe systems and programs have dis- 
covered other advantages. After school hours and during summer months, the 
CAI network has been used to provide basic skills instruction in adult educa- 
tion programs. Evidence (Nickols 1987) indicates that providing learners with 
as little as three or four weeks of intensive simuner access to CAI, using ele- 
ments of the model dted previously, yields close to three-fourths of a year of 
mastery achievement in basic skills. The Jefferson County (Kentucky) Schools, 
for instance, are opening a new school for those still of school age but who axe 
out of school and without a high school diploma. The school will operate pri- 
marily at night, use mastery learning strategies, award Carnegie units toward 
the high school diploma, be entirely individualized, and make heavy use of CAI 
to provide instructional support. 

The multiple uses of hardware not only reduce overall costs for instruc- 
tional services, but also provide insight into how computers can be used to 
deliver productive learning activities. Still other benefits include the ability to 

• centrally administer the analysis and reporting of mastery 
achievement, 

• provide for administrative communication through electronic mail, 
and 

• meet the instructional needs of homebound students using dial-up 
access to the computer. 

At this time, these administrative cap?bilities are being used in a limited 
way, but there are indications that further expansion will occur as more admin- 
isti^ators become aware of the power and availability of such resources. 

Networking and Cooperative Systems 

With advances in computer and communications technologies, the ability 
to tap into substantial amounts of computer power for classroom use at a rea- 
sonable cost continues to grow. Cooperative CAI networks are one example. A 
cooperative CAI network in Kentucky consists of a consortium of 24 public 



mc 



lechnoiogy in Today's School 



I 

t 
I 

schools and a comprehensive university, which share the administrative, hard- 
ware, courseware, maintenance, and communications costs of CAI. The cost 
per school year in 1988 for services to 25-50 middle school students was about 
$900. From this service, a student gets an excellent opportunity to gain more 
than one year of achievement in mathematics or reading skills as a result of 
drill and pj-actice used with a planned program of concept teaching 
(Crumb 1988). 

In one rural middle school of the network cited abo\'e, the average CAI 
I math gains exceeded 2.15 years for 62 Chapter I students who had an average 
^ of 20.23 hours of time on task (Crumb 1988). After two years of using the pro- 
gram, this school is reporting no students eligible for Chapter I mathematics, 
with only incoming students needing remediation. The average coat to the 
school per year of CAI achievement gain was $42.10 per student. At another 
isolated rural school, 36 students have access to CAI for just ten minutes per 
day. These students had an average mastery achievement gain of 1.84 years at a 
cost of $26.43 per student per year. 

The number of telephone and microwave communication networks to sup- 
port remote classroom sites has been growing rapidly since the early 1980s. 
More rapid and reliable modems, improved telephone systems, and the applica- 
tion of new and sophisticated computer communications technology have 
provided more school systems a cost-effecth^e means to network CAI pro- 
grams. The development of better and less expensh^e microwave systems and 
more efficient use of those already in place have also added to cost-effective- 
ness. 

In south central Kentucky, a group of seven school districts shares a net- 
work that provides CAI in basic skills (reading, mathematics, and language 
arts). The network consists of a state-owned microwave and telephone lines 
that connect a minicomputer at Western Kentucky University with remote 
classrooms at distances of up to 100 miles. The CAI is available at some sites 
for both day and night school applications. Electronic mail is used routinely to 
communicate among classroom teachers, administrators, and university person- 
nel. The network has operated since 1984 and'has proven to be effective in 
supporting learners and their teachers. 

Looking Ahead 

The use of computers in schools will expand as their eifectiveness and 
place in instruction, classroom management, and administration become better 
understood by educational decision makers. The critical i '>lc of the teacher is 
in interpreting how new technology can be used for productive teaching and 
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learning. There must be a synergistic interlocking of technology as a relevant 
part of the curriculum if it is to be used effectively. Teadiers must be comfort- 
able with technology, use it for their own learning, and have die support diat 
aUo\v5 them to make miwdmum applications of the technology resources avail- 
able in specific content areas. 

M^^ire systems for education wiU focus on content and learner mastery of 
that content Time wiU not be the fixed basis for education widi mastery flexi- 
ble for individual students, but mastery criteria standards Mdl! be fixed and time 
wiU be flexible. The essence of educational technology is the appropriate use of 
human and nonhuman resources to change the learner^ behavior so that new 
skills are developed, new knowledge is acquired, and performance meets an 
agreed-on level of acceptance. 

The tools are available, and the challenge is great; the question is how 
educators wiU adapt to the needs of an information-rich society. The American 
educational system, with its mix of private and public education, enabled us to 
dominate the economic and industrial world during the last part of the indus- 
trial age. The challenge facing us now is to accommodate the needs of the 
information age and not look back. I think that we wiU meet this challenge. 
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oday's students will function as adults in a 
milieu where access to unlimited amounts of information from electronic 
sources will be commonplace, and the efficient and creative management of 
this information may well be the crucial ingredient. Students must become 
familiar with th'^ new means of accessing information as easily and quickly as 
possible, so they can move on to the creative uses of the information. 

On-line databases are becoming a basic resource for library collections. 
They fill a void that has traditionally existed in school libraries — the lack of 
truly current information. On-line databases also make available vast amounts 
of materials that are either difficult or impossible io locate in other sources. 
Additionally, the entire school population can have access to the resource when 
it is placed in the **brary media center. 

Vendors currently market several databases to schools. Examples include: 

• Dialog — command-driven information retrieval system of 300 
databases with sophisticated research capability. 

• Compuserv — a consumer-oriented, menu-driven information re- 
trieval service. 

• Dow Jones News/Retrieval System — a wide variety of general 
databases as well as extensive, detailed corporate and industrial 
information. 
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What follows is a description of how the South Brunswick (New Jersey) 
School District integrated the Dow Jones News/Retrieval System into their 
educational program. 

Since January 1985, Brunswick Acres Sdiool, a K-6 elementary school in 
South Brunswick Township, has been using the Dow Jones News/Retrieval Sys- 
tem, an electronic information service. News/Retrieval is an integrated service 
consisting of more than 35 distinct databases, among them; 

• the full texts of The Wall Street Journal and The Washington Post, 

• an electronic encyclopedia (updated quarterly), 

• up-to-the minute news and sports coverage, 

• current weather information from around the world and movie reviews 
(for films made in 1926 to present), 

• a college selection service, 

• a medical and drug reference, 

• the Official Airline Guide, 

• book reviews, and 

• an on-line shopping service. 

In addition, there are numerous financially related databases. 

Program Background 

Brunswick Acres School was introduced to News/Retrieval as part of a 
pilot project involving four school districts in central New Jersey. Two of the 
many questions explored by the pilot project were whether an element^iry 
school was an educationally appropriate setting for an on-line database system 
and whether placing the system in the library n>edia center would worL After 
18 months of experience, the South Brunswick Board of Education was suffi- 
ciently convinced of the value of electronic databases in the elementary setting 
to have funded their placement in all the elementary schools, as well as the mid- 
dle school and the high school library media centers. 

The News/Retrieval database is particularly appropriate for school library 
medi ^ centers because the information is relevant to many areas of the elemen- 
tary and secondary curriculum. The information available can be readily 
applied to classroom learning without wasting time on inconsequential, dis- 
tracting material. Anodier advantage of News/Retrieval is a flat-rate 
charge — per password, per year— making it possible for a school system to bud- 
get acciu^tely. 

It is not necessary to be computer literate to use News/Retrieval success- 
fully. Students only have to know how to type on the keyboard. They qiuckly 



UC 65 



Computer Databases in School Library Media Centers 



learn everything else throu^ prompts from the program itself. Brunswick 
Acres 2nd graders studying Alaska diecked die temperatures of Alaskan cities 
on the terminal and used the information to construct a daily weather graph. 

Electronic databases have proven to be a great motivator for children vd\o 
might be reluctant to use piint resources. The experience at Brunswick Acres 
Las shown that the currency and relevance of information on News/Retrieval is 
highly motivating to students of all ages and ability levels. Using an electronic 
source of information, even the most reluctant learners seem to experience a 
sense of mastery, leading to greater participation in the management of their 
own learning. 

Educational Goals 

In considering the needs of the learner and the educational goals of the 
teacher, two major learning objectives were identified: 

• to develop skill and confidence using electronic information 

• to develop critical thinking skills needed to handle information. 

Literacy goes beyond reading to the ability to access and use information. 
Information use involves not only locating but analyzing, summarizing, para- 
phrasing, synthesizing, and presenting to others. News/Retrieval has proven 
effective for developing skill in using electronic information. Children using 
the system become comfortable with the technology and confident in their abil- 
ity to access information. They learn about what kind of information is 
available and become aware of how they can meet their own information needs 
through the use of on-line databases. Through experience and practice, they 
find out that the computer database is a tool for learning and decision making. 

Critical thinking skills have been enhanced as well through using the 
on-line retrieval system. Critical thinking skills and information-use skills are 
developed naturally through activities that lead children to think critically 
about the informaaon they locate. Critical analysis involves an understanding 
of opinion and bias. Children learn to make comparisons between different ap- 
proaches to an issue. They become aware of editorial judgments made in the 
inclusion and exclusion of news items. They also develop skills in problem solv- 
ing and decision making based on the information retrieved in their 
investigations. 
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Activities to Support Learning 



Two kinds of activities using News/Retrieval have been developed. Some 
were designed to be used by individual students as diey become familiar with 
the technology. For example, in "Racing to Win,** a hypodietical one-mile race 
between a cheetah, a greyhound, and Roger Bannister, the man who first ran a 
mile in under four minutes, students are required to: 

• define terms such as win, place, and show, 

• obtain information fi'om several soim:es, 

• compare meters and miles by converting numbers, and 

• solve time and distance problems. 

Other activitier were designed to extend and enrich curriculum-related 
topics. Access to current information breadied new life into some old class- 
room exercises. A biography imit, for example, no longer produced a classroom 
of students writing a thinly disguised, plagiarized report on an assigned histori- 
cal figure. Instead, students v/orked on an activity called "A Chapter m the Life 
of., using current news stories to write biographical material about someone 
whose life is still unfolding in the pages of today^ newspapers. As students 
gather information ft^om prunary sources, they gain a greater understanding of 
how biography differs fix)m other fonns of writing and expand their ability to 
evaluate the relative imponance of fectual information. 

Studying explorers becomes an adventure when students use the Official 
Airline Guide and the Academic American Encyclopedia on line, along with the 
standard reference sources and maps, to follow the travels of Christopher Co- 
lumbus or Lewis and Clark and then chart a modem airplane tour following 
the same route. Comparisons of elapsed travel time use matheniarica! skills and 
relevant geographical concepts are learned in a meaningfiil context. 

In "The Rain in Spain"* activity, students use the weadier and encyclopedia 
databases, along widi other resources, to collect and analyze information about 
the relationship between location and weatiier. Data about four dues located at 
similar latitudes are compiled and graphed. Variations are noted and hypothe- 
ses formulated about the relationship between temperature and location. 
Students are required to do additional research to draw conclusions and make 
comparisons about the data obtained. 

News/Retrieval enables the user to approach a topic from a variety of 
viewpomts. For example, a current environmental issue might be explored 
from governmental, legal, health, industry-wide, and specific corporate points 
of view — all without leaving the terminal. When a 5th grader became ill with 
chicken pox, a fellow student became concerned. The student recalled that 
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taking aspirin when one has the chicken pox codd cause complicatioiis. The 
student tapped into MDEX, News/Retneval's medical and drug Feference^ and 
discovered that the combination of aspirin and chicken pox could lead to 
&tal Reyes Syndrome. Another student picked up on the business aspect of the 
aspirin/chicken pox combination to determint how the news affected stock 
prices of drug companies. 

News/Retrieval is also being used extensively at South Brunswick Hig^ 
School. A chemistry teacher testifies that the teaching of periodic tables has 
been converted from one of the dullest exercises of the year to one of constant 
surprises. Students are assigned an element and told to find out all they can 
about it using News/Retrieval. One student, assigned the clement fluorine^ 
found out that just a week earlier, a derivative of the element had been used in 
new ways to change the composition of racing car tires and in the process of 
making artificial blood. A student gaining diis kind of information is likely to 
be motivated to a greater extent than a student reading about fluorine's past 
application in a textbook. 

Finally, there is an obvious excitement when it becomes possible to follow 
a fast-breaking news story as it happens. The old standby— current events — 
takes on new meaning. The News/Retrieval database provides information 
from the vnre services with only a 90-second delay. The explosion of the Chal- 
lenger and the incident at Chernobyl could be followed by students from 
moment to moment. 

Implementation 

The integration of this resource into the educational program has been 
most successful when initiated by the library media specialist. They can con- 
duct inservice workshops to familiarize teachers with the system. The most 
effective approach, however, has been for the library media specialist to initiate 
a project wi a particular teacher — a project in which planning, teaching, and 
oversight are shared equally. 

Teachers and libnuy media specialists involved in the pilot project have 
compiled a manual of activities, based on their collective experiences, to be 
used in conjunction with News/Retrieval for primary grades through high 
school. The manual is available from Dow Jones as part of their service. These 
activities are merely a jumping-oflf point. The ways News/Retrieval can imple- 
ment and enrich the school curriaJum are numerous. 

* * * 
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In summary, an electronic database puts vast amounts of current and his- 
torical information at students' fingertips. The search for background and 
context is often transformed fix)m a chore into an adventurous journey. Stu- 
dents spend less time locating and recordmg information and more time 
analyzing what they have found. The emphasis in planning teaching units can 
be placed on higher-level thinking skills. Teacherc can ask questions requiring 
more judgment, evaluation, and thought Interrelationships, previously unno- 
ticed, emerge between subjects under study and current political, economic, 
government, science, and environmental news. Information delivered tlm>ugh 
telecommunications is highly motivating to students. Today's world is truly 
brought into the school. 
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Telecommunications: 
Using Phone Lines in 
the Classroom 

Denis Newman 



A 

XjL few years ago, it was almost unheard of 
to have telephone lines in classrooms. Now, lines are being installed in com- 
puter labs, libraries, resource rooms, and other classrooms. But it is not that 
teachers are finding more time to chat on the phone. In fact, often there is no 
phone in the room. Instead, teachers are using the familiar modular jack for 
their computerSv The computer is becoming a popular communications device, 
linking teachers and students to the world outside the classroom. 

The number of applications of telecommunications continues to grow. 
Students are writing on word processors then transmitting the files as elec- 
tronic mail to students in other schools. Science classes are calling up weather 
services to obtain up-to-the-minute information about weather patterns for the 
whole country. And teachers are sending electronic mail queries to teacher all 
around the country to find solutions to specific problems. 

As the cost and technical barriers continue to drop, many school systems 
are making phone lines available in classrooms and computer labs. This chap- 
ter gives some examples of how tcleconununications is being iised in education. 
It also addresses the change in the use of telecommunications from hobby to 
institutionalized instructional tool for teachers. 
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Getting Started 

To get started in telecommunications you need a microcomputer, commu- 
nications software, and a small device called a "modem," which serves as the 
standard modular jack You may also need membership in some "host" com- 
puter you plaii to call up (CompuServe, The Source, or Dow Jones, for 
example). If your school district ateady runs a computer bulletin board system 
then a separate membership is usually not needed, just the phone number. 
With the membership, you usually get a list of phone numbers in or near your 
local calling area that you can use to access information. (An excellent overview 
of the technology and the services available is found in Glossbrenner 1986). 

With the technology in place, there are a variety of ways it can be used to 
promote student learning. The fundamental notion in all the applications of 
telecommunications is that they bring the world into the classroom. The class- 
room is Hterally connected to the outside world — an audience for student 
writing becomes available and numerous sources of up-to-the-minute infor- 
mation are on line. 

When the classroom compucei is connected to a phone line it enables 
teachers and students to call othor computers — in die next room or another 
school, state, or country. Part of ut complexity of telecommunications arises 
from the fact that users not only hwe to know how to operate the software on 
their own computers in order to make contact with the other computer but 
they also have to know how to operate the computer they are calling. While 
making contact with, and actually operating, a computer one has never seen 
may be intimidating to some people, there is a thrill in realizing that the famil- 
iar classroom computer is a gateway to a much larger worid in this information 
age. And it is not just other computers one is making contact with, it is also 
other people. Other people call the same computers to leave electronic mail, 
articles they or their students have written, public domain computer programs 
that others can copy, and notices about important events. 

Some connections can be made via conventional means, of course. For 
example, it would be foolish to pay an hourly charge to ha/e students search a 
computerized version of an encyclopedia when die same material is available in 
the school library. Other kinds of databases, ones that are very volatile, for 
example weather information or information on natural disasters, are more 
appropriate for on-line classroom use because they give the students a sense of 
involvement in the events as they occur. Similarly, if newspaper stories and edi- 
torials are being shared between only two classrooms, the conventional mail 
system (even for sending a floppy disk) may be simpler and cheaper, although 
somewhat slower, than telecommunications. However, if a larger network of 
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classrooms are sharing meir writing, it becomes far simpler to "broadcast" a 
copy of the message to all the sites simultaneously. In general, the connection 
to the outside world via telecommunications is most effective when the infor- 
mation is timely and when there are a significant number of students or 
classrooms involved in the activity. 



The Bank Street College Experience 
with Teleccmmunicadons 

Examples of telecommunications activities illustrate additional principles 
for the effective use of technology in education. Over the last three years, sev- 
eral projects at Bank Street College have used telecommunications to provide 
teacher support in two national training projects: the IBM Model Schools Proj- 
ect (for more information see Newman and Rehfield 1985) and the 
Mathematics, Science and Technology Teacher Education (MASTTE) project 
(McGinnis 1986). Also, in the Bank Street Exchange project, we set up our 
own bulletin board system for use by Bank Street staff and students in the 
School for Children as well as teachers and students in the neighborhood. 
Another project. Earth Lab, integrated several levels of communication — 
among students in a school, among schools in a neighborhood, and anong 
cities around the world (Newman 1987), 

The Mathematics^ Science and Technology Teacher Education (MASTTE) proj- 
ect focused on improving math, science, and technology education in upper 
elementary grades (Quinsaat, Friel, and McCarthy 1985). The paiticular focus 
was on a multimedia (TVy software, and print) package called The Voyage of the 
Mimi. Teachers and district support personnel from around the country spent 
two weeks at Bank Street receiving training on the content, pedagogy, plan- 
ning, and management related to the materials. Follow-up support included 
site visits by the training staff as well as telecommunications between the train- 
mg staff and the participating teachers. For the latter, we used The Source, one 
of the largest commercial services, which can be accessed from any major dty. 

Because this was a training project, our initial idea was to use telecommu- 
nications primarily for conveying information about the materials and 
providing ideas on how they could be used. The network served this function 
moderately well. However, the most popular use of telecommunications was a 
classroom activity. We invited several "guest experts, scientists and other ex- 
perts featured in the TV^show, to field questions from the students. Classroom 
time was spent in discussions of what the students would ask each of the experts 
and later in reading and discussing the answers that were received. The enthusi- 
asm for this activity, confirmed by the results of a survey of the teachers. 
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convinced us to reverse our original strategy. Instead of using telecommunica- 
tions to provide information about the materials and a forum for discussion of 
issues and problems related to science education, we decided to put an empha- 
sis on the use of telecommunications for classroom activities. 

The project provided individualized support for the teachers in several 
ways. Teachers often asked, "What can I do in die classroom?" Our strategy 
directly provided support by creating interesting classroom acthdties. Once the 
value of the medium is demonstrated to teachers in this way, the secondary 
functions of providing information and a forum for discussion of issues foUow 
naturally as needed. 

One unique form of teacher support was found in the guest expert series. 
One of die pedagogical goals of die MASTTE project was to help teachers feel 
more comfortable about not kno\ving all the answei's to the science questions 
students may raise. Having the guest experts on line allowed teachers to rely on 
them for immediate answers, turning some potentially uncomfortable moments 
into occasions for productive classroom dialogue. 

The Bank Str eet Exchange, another telecommunications project at Bank 
Street, is providing a variety of writing activities for students in neighboring 
schools. Some of these were modelled jn similar activities pioneered by Jim 
Levin, Margaret Riel, and dieir colleagues (Levin, Riel, Rowe, and Boruta 
1985; Riel 1985). Essentially, the Exchange is a bulletin board system running 
on a microcomputer at Bank Street. Several classes at neighboring elementary 
schools used the Exchange quite regularly. The Exchange was open to the pub- 
lic and we received calls fonn around the country once word got out in the 
"underground" bulletin board community. Some interesting communications 
occurred between children who called the Exchange from their home com- 
puter after hearing about it through the grapevine. It was very clear ftt)m the 
kinds of unintended exchanges diat began on die Exchange diat bulletin boards 
are part of a computer culture with a life quite independent of schools. 

Bulletin board operators (called "sysops," short for systems operators) take 
great pride in their boards and the services they provide. In many lespects, tele- 
communications is still predominandy a hobbyist activity as other 
microcomputer activities were six years ago. In moving toward more wide- 
spread and professional use of the medium, we must remember that a bulletin 
board can be a source of pride for a school or school district The person who 
takes on the job of sysop should begin the task with sufficient enthusiasm to get 
through some of the technical complexities that can be encountered. While it 
helps the sysop to have a bit of a hobbyist attitude, it also helps to have suffi- 
cient release time to do a job the school or district will be proud of. 
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Many of the long distance pen pal messages on the Exchange were 
arranged betvveen our Bank Street staff* and our colleagues in the San Diego 
area. Using a process we call a "portage," we transferred messages that the 
students in New York wrote from the Exchange to The Source (the national 
network) and our colleagues in San Diego portaged the messages from The 
Source to their local system. Answers from students in San Diego were then 
portaged back to The Source and to the Exchange for our students to read. 
This process saved money because the student messages were transmitted via 
The Source after regular business hours when the hourly charges were about 
half the prime time rates. Unfortunately, the pen pal activity was largely a fail- 
ure because of the delays in the portage system and the differences in how 
students in the schools 3,000 miles apart were using the computers. Pen pals 
did not always have computers available at the same time. Consequently, con- 
versations never really got started between particular students and everyone 
was frustrated. 

The situation radically improved when the activity changed from messages 
between particular "pals'* to short essays between classes. The bombing of 
Libya was an event that sparked these exchanges. Several of the San Diego stu- 
dents wrote short opinions of this event. The class in New York responded 
\vith several of their own opinions and the exchange continued through several 
turns. This was a successful activity partly because the topic was compelling 
and one that the 6th graders had strong feelings about. The structure of the 
exchanges was also easier to manage because the "editorials" were being sent 
not CO individual children but to and from whole classes. The probability of get- 
ting a response was much higher and all the children, whether or not they 
actually wrote an editorial, could feel involved. 

Lessons for the Future 

There is a clear lesson here for how to use long distance telecommunica- 
aons. Telecommunications activities over long distances appear to work best 
when the exchange does not require response of a particular person. This was 
also reflected in the "guest expert" activity described above in which little was 
lost if a particular classroom foiled to send in any questions. As long as a suffi- 
cient number of questions were sent in, the exchanges were ^^uable to 
everybody regardless of whether they participated actively or passively; that la, 
whether they wrote questions or just read the questions and answers that others 
generated. Highly coordinated activities requiring the response of a particular 
person at a particular time are best net undertaken between distant schools 
unless the teachers are willing to work very hard at coordination. 
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The use of both 1 he Source and the Exchange in our projects illustrates 
what is probably the most critical principle in using telecommunications as an 
effective classroom tool. In almost all the activities, students and teachers spent 
very little time connected to the phone line. Most of the composition of letters 
and essays was done on word processors. The teachers later transmitted the 
prepared text files over the phone line keeping the line open a minimum of 
time. In general, it is best to do all processing as locally as possible. Writing 
should be done on a word processor. Local messages should be sent via local 
bulletin boards with expensive commercial services used only for long distance 
messages tha: cannot be sent any other way. 

In the case of classroom activities that involve searching very large 
databases, accessing the commercial services may sometimes be unavoidable. 
But even in this case, many local solutions are possible. Medium size databases 
can be maintained on a school district computer to which students have free 
access. Some programs let you quickly get the data you need and then work on 
it using your own microcomputer. For example. Weather Machine, a program 
by National Geographic Society, lets you call up a computer in Washington 
D.C. and download to the classroom computer the entire weather service data 
set for the United States in a matter of seconds. This brief connea time does 
not add up to a large long distance bill. And once the data is loaded onto the 
students' floppy disks, the class can use the Weather Machine program to display 
maps of temperature, wind direction, pressure, and more, at any elevation from 
0 to 40,000 feet. Once the information is on their own machines, there is, of 
course, no charge for the time they spend exploring the rich set of data. 

Where are We Headed? 

A combination of forces are slowly beginning to move telecommunica- 
tions from the realm of the hobbyist to a more routine part of a teaclier's 
professional toolkit The hardware is becoming cheaper and more powerful. 
Bulletin board systems are proliferating and in some cases becoming much 
easier to use. Some school systems are acquiring local area networks (LANs) to 
interconnect the microcomputers in a school or computer lab. At the same 
time, some state education departments are planning and implementing tele- 
communication systems for administrative and instructional purposes. This 
combination of individual teachers starting telecommunication activities in 
their classrooms and districts and states trying to solve larger communication 
problems may gradually result in integrated communication systems that give 
many more classrooms access to the outside world. 



Telecommunications: Using Phone Lines in the aassroom 



Local area networb may play an important role in making teleconmiunica- 
tions a more routine part of classroom life. LANs provide a commimication 
comiection among computers in a school without the use of more expensive 
phone lines. By connecting one computer in the system to a phone line, any 
computer in the school is able to communicate with databases and bulletin 
boards outside the school. TTie Earth Lab project at Bank Street experimented 
with integrating local and long distance science activities using a i-AN within 
the school and phone lines to telecommunicate outside the school (Newman 
1987, Newman et al. 1989). While a system like Earth Lab may make commu- 
nication easier and more routine for the individual teachers, it requires a higher 
level of commitment and expertise on the part of the school or district com- 
puter coordinator. As a result, a new profession of communicattons 
coordinators may evolve from the grass roots efforts of a few teachers who 
started with a simple phone line in their classroom. 

While the classroom phone line opens up a new world of information and 
communication, the emphasis should remain on the classroom processes — both 
the lessons and discussions about the processes involving the classroom com- 
puter. The phone line should be used efficiendy and sparingly to keep the costs 
down and not overburden communication resources. A few minutes of "data 
transmission" a day can keep a class occupied with a variety of conmiunicative 
activities that spark students' interest by keeping them in contact with the out- 
side world. 
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Science is Problem 
Solving 

Roy Uimih 



To 



o participate in science is to engage in 
problem solving. To a scientist, problem solving means becoming intellectually 
interested in phenomena, making observations, developing relationships, and 
creating models. These relationships and models are then used to predict 
events and make further observations. These further observations are in turn 
used to confirm the model, help the scientist modify it, or create an alternative. 

Science educators develop materials and teaching strategies that not only 
help students understand basic concepts in science, but also conununicate the 
nature of science. Students develop an appreciation of science when they can 
find relationships and create interpretations of events that explain their observa- 
tions. Technology can assist teachers and students in exploring scientific 
relationships. Through some of the new software packages, students can 
develop key problem-solving skills previously learned only in laboratories. 

Laboratory Simulations 

Science students need to engage in making decisions that cultivate the 
skills that go with scientific investigation. To this end, some computer pro- 
grams take advantage of the fact that experiments can be simulated that could 
not otherwise be conducted. 

The IBM Physics Discovery Series contains such simulations as investigating 
the variables that affect the gravitational force on the cabin of a spacecraft, in- 
vestigating variables that affect the potential and kinetic energy of a roller 
coaster at an amusement park, and others that use settings that relate physics to 
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high-interest phenomena or are too difficult to reproduce in a laboratory. The 
educational objectives of these programs include: 

• exploring and developing possible interpretations of physical phenom- 
ena, 

• developing reasoning and problem-solving skills, 

• designing experiments to determine how a dependent variable is 
affected by independent variables, and 

• developing scientific models to explain observations. 

In the program Investigating Gravitational Force, the student commands a 
spacecraft that has "sensors" that can detect the mass, distance, and density of 
planets, as well as the gravitational force between the planet and the spacecraft 
The student can alter the values of any of the independent variables and then 
press the "enter" key to see how the gravitational force responds. As this pro- 
cess continues, the student is encouraged to look for patterns or relationships 
between the gravitational force and the independent variables. 

Hrecz (1985) compared how students controlled variables in Investigating 
Gravitational Force with how they scored on controlling variables with the 
"Bending Rods Piagetian Interview Task" to determine whether or not stu- 
dents can be provided with the same mental encounters in a laboratory 
simulation program as in the actual laboratory. Students were rated on the 
basis of the number of variables that were changed in the computer simulation 
and the verbal responses they made to questions from the interviewer. There 
was a .78 correlation between student performance of controlling variables 
with the laboratory interview task. This result suggests that the mental encoim- 
ters of a student controlling variables with actual laboratory apparatus is highly 
correlated with the mental process occurring at a computer keyboard for the 
program used in the study. Thus, laboratory simulation programs can be writ- 
ten to engage the students in higher-level reasoning skills. 

Some software programs are designed to simulate alternative models for 
describing certain physical events. Educational Materials and Equipment Cor- 
poration (EME) has a program called Laws of Motion that simulates a block 
sliding down an incline plane. In addition to being able to change variables 
such as the angle of the incline, the mass of the block, and the friction between 
the block and plane, the students may select either the Newtonian or the Aris- 
totelian view of falling objects. In either system, the motion of the block may 
be viewed with graphic comparisons made of the displacement and velocity ver- 
sus time. Students require such thinking skills as exploring, observing, 
controlling variables, analyzing data, and evaluating models to complete the 
task successfully. 
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While many science educators feel there is no substitute for hands-on lab- 
oratory activities, there are several advantages to using the simulation 
programs. Students can become engaged in die program without teacher super- 
vision. Types of events can be simubtcd that have a greater student appeal dun 
events that can be simulated in a school laboratory. Questions can be carefully 
formulated by experts to create the proper background and environment to 
help students use reasoning skills. And students receive immediate responses to 
their actions and can learn from dieir mistakes. 

The Nature of Computer Interfacing 

Laboratory probes may be inexpensively linked to a computer by way of 
game ports, printer ports, or circuit cards. TTiese probes can be used to mea- 
sure temperatiure, light intensity, force, heat, breathing rate, distance, velocity, 
and sound. The measurement of these variables can be displayed on the screen 
in real time as die data are being collected and plotted against time on a graph. 
This allows the students to see the graphs being generated as the measure- 
ments are being taken. This instant display allows the students to explore the 
effect of changing a variable and immediately note the result 

Since the probes are under the student's control, the student is more likely 
to see the connection between the measurements from an e)q)eriment and the 
graph of the data and make appropriate interpretations. All of this can be 
accomplished 'Adthout the drudgery and time-consimiing effort of plotting data 
points before conclusions can be reached. Widi such a large investment of time 
in collecting and graphing data, students lose interest in exploring the effect of 
other variables and feel they are penalized for their curiosity. With these 
probes, students can spend more time encountering and cultivating problem- 
solving skills. 

One of the most common probes is a temperature probe. The software 
typically allows the student to either display the numerical values of the temper- 
ature or to plot temperature taken at selected time intervals. Students may 
explore the frequendy misunderstood concepts of heat and temperature by 
comparing the effect of adding a small amount of hot water with that of adding 
a larger amount of warm water to a given container of v/ater. As the probes are 
placed in different environments, students wiU note the changes in temperature 
from the graphs as well as the rates at which the temperatures change by ob- 
serving the slopes of the graphs. Students may be given a graph of changing 
temperatures and asked to change the temperature of the probe to match the 
given temperature graph. These experiences are excellent for relating events 
with graphical representation and interpreting data. 
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Stiidents may take advantage of multiple temperature probes in experi- 
ments involving the perfonnance of cardboard box greenhouses. One probe 
may be used to monitor the temperature of water cans used for heat storage 
inside the greenhouse while another records the outside temperature. This 
experiment can run for 24 hours, with the data recorded on a disk and then dis- 
played for analysis during the class. The effect of energy placed in storage can 
be shown on the night-time temperature. Several variables can be changed, in- 
cluding the size of the collected surface, the volume of the greenhouse, and the 
amount of water used for storage. This txj.veriment demonstrates another use- 
ful aspect of the computer: It can collect da^a over long periods of time widiout 
the presence of the experimenter. 

Motion Detector 

A motion detector was developed by the Technical Education Research 
Center (TERC; Barclay 1986) from a sonic transducer used in Polaroid cam- 
eras. The motion probe sends out short pulses of high-frequency soimd and 
then measures the time required for the echo to return to the unit. With this 
information, the program can calculate and graphically display the position, 
velocity, and acceleration of an object from 0.5 meters to 8 meters from the 
probe. The data and any of the graphs may be displayed as the motion is moni- 
tored. Various types of motion may be investigated, including the motion of 
individual students, toys, a pendulum, or a ifalling body. Data can then be ana- 
lyzed, transformed, printed, and saved on disks. 

From a position-versus-time graph of the motion, questions can be asked 
of students to direct their understanding of displacement, velocity, and accelera- 
tion. Students might be asked where on the position-versus-time graph they 
turned around and approached the transducer, if they ever moved at constant 
velocity, where they moved the fastest, what their speed was at a particular 
time, and so on. After students have been shown either a position-versus-time 
graph or a speed-versus-time graph, they can move so as to duplicate the graph. 

The mouon detector has been used with different students, ranging from 
6th graders to humanities students taking physics at the college level. In both 
groups, motior was introduced by observing graphs created by the movement 
of their own bodies. The 6th graders developed a sophisticated understanding 
of motion and of position and velocity graphs. The college humanities students 
also showed excellent achievement, nearly equaling the perfonnance of fresh- 
man physics majors on similar test questions. 
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Measurements of Human Body Functiocs 



To make measurements and conduct experiments involving the human 
body provides strong motivation and interest for most students. Light-sensitive 
prob^ have been used by ^veral manufacturers to measure the change in light 
transmission through thin layers of sldn caused by variations of blood flow or 
pulse rate. In school, students can measure the pulses of class members and 
note differences and similarities. Hypotheses that may account for these differ- 
ences, as well as what may cause a change in die pulse rate of individual 
students, can be generated. Variables such as amoxuit of exercise before a mea- 
surement is taken, physical conditioning, and the effect of caffisine can all be 
tested in the classroom. 



The educational community has placed increasing emphasis on developing 
thinking and reasoning skills in this decade. The National Science Board has 
stressed the importance of learning the skills used in observing, classifying, 
coiiununicating, measuring, hypodiesizing, inferring, designing investigations 
and experiments, collecting data, drawing conclusions, and making generaliza- 
tions. Acquiring these thinking and problem-solving skills can surely be 
enhanced by using the computer in high-quality laboratory simulations by 
using software that allows students to assou re the unfolding of a graph with 
the transpiring of an event. 
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Computers and 
Writing: The Inevitable 
Social Context 



Andee Rubin 



hat would you do if you were a 14-year- 
old girl living in a tiny, inaccessible rural village and you felt your world was 
uncomfortably limited? What if, to make matters worse, you didn't like a single 
one of the available boys? Some of the solutions that come to mind involve 
written language: reading ubout other places and people to expand your know- 
ledge about the rest of the world, or trying to find maie pen pals to establish 
contact with some other (hopefully more suitable) young men. Several teenage 
girls in McGrath, Alaska, a town of 500, took exactly this approach. Presented 
with the opportunity to use an electronic mail system, they composed the fol- 
lowing "open letter" to potential suitors: 



Hi, 



Calling All Men 



This note is to all you good-looking guys out th' re in the wcrld. There are 
two of us writing so we'll tell you a little bit about ourselves. Our names are 
Sally Foster and Terry James. We're both 14 and stuck in a small tcwn in 
Alaska, called McGrath. We have a pretty Lig problem and we hope u*at 
you guys will help us out. We have a short supply of foxy dudes here. So if 
you are a total fine oabe PLEASE write us!' 

Write: (their address) and hurry! Keywords: McGrath, Mak Order Men 
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Not to be outdone, rvvo girls in Holy Cross, an even smaller town, com- 
posed their own message. They tried hard to outshine their rivals and be even 
more attractive to the boys. In particular, they targeted their audience by 
addressing their message to "Juneau boys." They also spent a long and feirly 
tedious half-hour mastering the intricacies of die word processor in order to 
produce the heart at the end of their note: 



Good Looking Juneau Boys 

Our names are Josie Adams and Evelyn Fields. We like skiing, basketball, 
hockey, writing letters to cute boys, and we would be more than pleased 
if any of you cute boys would write to us. We don't have any boyfriends. 
So you don't have to worry about that! We also would like you to send a 
picture when you write. (You are going to write, . ren't you?) We will 
send you a picture, too. Joyce is 14, and Elaine is 13. Well, please vrite 
soon! We are waiting for your letters!!! 

XXX XXX 

xxxxxx xxxxxx 

XXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXX 

\xxy\xxxxxxxxxx 
xxxxxxxxxxx 
xxxxx 

XX 

WE SEND YOU OUR HEARTS! 
SINCERELY, JOSIE AND EVELYN 

Keywords: Juneau Boys, Holy Cross Girb 
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These two examples illustrate one intimate connection between soda! in- 
vCraction and writing: the social environment as a source of purpose and 
audience for written communication. Without a reason to communicate, these 
students would not have written as they did; without their perception of the 
importance of that reason, they would not have persevered in their exploration 
of the word processor. The embedding of the writing task in a social context 
created a powerful educational opportunity for them. 

The common vision of educational software stands in stark contrast to this 
scenario; students working alone at individual terminals, receiving much of 
their evaluation and feedback from the computer, working on a series of tasks 
determined by the computer. The letters above are the product of a different 
approach to educational technology- one in which die students control the com- 
puter to achieve their own social and educational goals. This chapter describes 
software that unites the computer and the social environment into a powerful 
educational environment in which students can improve their writing in several 
important ways (Bruce, MichaeN, and Watson 1985; Rubin and Bruce 1985, 
1986). 

Computers as Cognitive and Social Tools 

What is the computer's unique contribution to this educational context? 
First, and most frequently mentioned, is the computer's role as a tool. Word 
processors reduce the pain of editing and revision, allowing students to format 
their work, produce professional-looking copies of text, and easily read their 
own and other's pieces by eliminating problems of illegibility. 

Spelling checkers help students make their final drafts more readable, and 
on-line thesauruses provide resources for students searching for more precise 
words. Some schools have also begun to use outline processors, programs that 
allow students to compose and manipulate an outline before and during writ- 
ing. In the future, there will, undoubtedly, be more sophisticated writing tools 
readily available to student: on-line dictionaries, multimedia dictionaries, and 
complete grammar checkers. These tools Al facilitate the cognitive aspects of 
writing, but, espedaliy because writing involves both a writer and a reader, the 
computer's effect on the social context is equally important Of course, there is 
a social context surrounding any activity in school, and using computers for 
writing is no exception. 

The assignment the teacher has given to the class, the physical space in 
which the students v/ork, the amount of time they spend talking to one another 
and the teacher about the piece, the choice of audience, and the purpose stu- 
dents have for writing all influence how writing tools are used and what 
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Students learn. But it turns out that computers, in addition to being writing 
tools, can themselves create and modify social environments. This is espedally 
true for a subjecc such as writing, in which the social environment is central to 
both the learning process and the subject matter. What follows is a description 
of a software package o^iigned with the social context of writing in mind. 



Quill was designed by Bolt, Beranek, Newman Inc., and the NETWORK 
Inc. to help students learn to write. It includes both writing tools and writing 
environments; that is, it attempts to affect both the cognitive and social envi- 
ronments in which jtudents write. Interestingly, classroom experiences with 
Quill demonstrated that the social environment in the classroom changed in 
ways the developers never anticipated. In fact, the complexity of the interaction 
among software, curriculum, teacher, students, and administration was one of 
the significant aspects of the field test. The following descriptions demonstrate 
how important it is to consider the social context when using technology in 
schools. Even though Quill is no longer commercially available (it was mar- 
keted by D.C. Heath from 1983 to 1985), the perspective it embodied has 
found its way into other pieces of software; thus, the following descriptions are 
as important as ever for conceptualizing the interaction between writing soft- 
ware and the social context of the classroom. 

Quill consists of four programs - Planner, Library, Mailbag, and Writer's 
Assistant. Planner is a tool that helps students become more organized and effi- 
cient in their writing. Library and Mailbag provide the social environment 
opuons, allowing for different audiences, purposes, and genres for writing. 
Writer's Assistant is a genera! word processor and contains all the standard word 
processing capabilities (e.g., add, delete, replace, and search), as well as a 
unique facility for reformatting a paragraph of text into individual sentences so 
that errors of capitalization, punctuation, and structure are more visible. 



Planner was designed to help students (1) generate and organize ideas for 
their writing and (2) reflect on their writing as it takes shape. A planner con- 
sists of a series of questions or prompts that er^ourage students to brainstorm, 
organdie, or revise their pieces. 

Because students can create and modify plaimers, they can be shared snd 
edited just like any other piece of wriang. To use Planner as an idea-generating 
device, a teacher might involve students in a brainstorming session to generate 
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a list of questions or topics to consider for an assignment. If they are writing 
movie reviews, the students might consider acting quality, photography, 
intended audience, or subjea. The teacher can make this list into a planner on 
•-he computer so that when students begin composing their movie reviews, they 
can generate ideas. 

At the end of a writing assignment. Planner helps students review their 
work. It might ask students to identify a possible weak point in their piece or to 
think of another example they might include. Using a revision planner, stu- 
dents can rework a written draft For example, Steve and Karen are going to 
write a review of their favorite restaurant. Chuck's Parlor, Using their class- 
generated Planner for restaurant reviews, they type in responses to most of the 
topic questions: overall assessment, best food, price, atmosphere, location, 
hours, needed improvements^ and appropriate patrons. After printing tiieir 
notes on the printer, they decide how best to organize what they want to say, 
composing sentences and paragraphs from their notes. 

Across the room, MeUnda and Jose are working on a movie review. They 
decide to modify Steve and Karen's restaurant review planner, since they feel 
some of it is relevant to their piece. They keep the questions on overall assess- 
ment, appropriate patrons, and needed improvements but substitute other 
questions that are more useful for their purpose, TTiey then post a note on the 
electronic bulletin board using Mailbag, telling everyone that they have con- 
structed a movie review planner, in case someone else would also like to use it. 

Thus, even in this cognitively oriented tool, students are working in a soft- 
ware-facilitated social environment in which they can share writing resoa»-ces. 
The two writing environments of Quill— Library and Mailbag— focus even 
more on this aspect of the classroom. 

Library 

Lihrary creates an environment that enables students and teachers to share 
information and compositions. Students and teachers can write about topics 
they choose and store their writing in Library so it is available to other com- 
puter users. Pieces of writing are organized by author(s), title, and topic 
(identified by one or more keywords), just as in a "real" library. Thus, Library 
performs three major functions: 

• It creates a communication environment in which students are encour- 
aged to write for their peers as well as for the teacher. 

• It organizes writing in different ways. 

• It provides easy access to stored pieces of writing. 
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Library encourages writing, facilitates sharing, and eases the teacher's 
record-keeping burden. The following examples demonstrate how Library 
influences the social structure in a classroom, 

A teacher wants to help students develop skills in giving instructions. She 
decides that each student will contribute an article to a class **How-to-Do«It 
Manual." Leah wants to write some instructions for building a bird feeder and 
add it to Library, She uses the Quill Library disk that contains other **How-to- 
Do-It" articles. She adds an entry to this disk, which alrea'^ ' contains five 
articles by other students in the class. When she finishes her article, Leah types 
her title, "How to Build a Bird Feeder to Attract Birds," followed by her name. 

The program then asks for one or more keywords that will give others a 
good idea of what her article is about. Leah looks at the list of existing key- 
words generated by students who have already entered their articles. She types 
in the word "carpentry." The program automatically updates the keyword list, 
so carpentry will appear the next time anyone uses this disk, either to add an 
article or to read the articles other students have written. Her article thus be- 
comes part of the "How-to-Do-It Manuals," i.utomarically indexed for quick 
reference. 

Later, Arnold tells Leah he has read her article and couldn't follow one of 
the instructions. After she explains it to him, he suggests a way she might make 
her piece more understandable. Togethei, they rework the paragraph in ques- 
tion, and save the new version. Arnold then has the opportunity to add his 
name as a second author of the piece and, with Leah's permission, he does so. 
Other students will see both autiiors' names when they list the articles on this 
disk. 

Library provides a particular social environment for students' writing, one 
in which sharing, evaluating, reading, and editing one's own and other people's 
writing s ?uiited in a conmumicrtive fi^mework. The structure of Library — 
just as in a real library — promotes sharing because each composition is in- 
dexed in ways that invite access. Also, students, in adding their writing to 
Library^ conft-ont the need to make their writing available, since they must 
choose keywords by which their pieces can be accessed. Students using Quill 
often respond to this need by making one of tlieir five allowed keywords "ad- 
vertise" their piece, using eye-catching words such as "loony" along with a few 
serious keywords. This is only one of the ways in which students demonstrated 
their often-quiescent knowledge of communication strategies. 
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Mailbag 

Mailbag allows for direct communication among individual students, 
groups of students, and teachers. It combines features of the post oflRce, the 
telephone, and a bulletin board in that written messages can be sent between in- 
dividuals or a message can be posted for a group. Mailbag enhances instruction, 
by: 

• enhancing written communication to varying, but specific, audiences 
(for example, friends and classmates), 

• allowing different kinds of writing to occur (for example, informing, 
persuading, instructing, entertaining), and 

• motivating students to write more by personalizing the experience. 

Mailbag has two complementary functions. First, students ccn send mes- 
sages. In a classroom with an active mailbag, Jacqueline sends a message to 
Marilyn about a very embarrassing experience at the movies on Saturday. Matt 
sends a message to die Animal Club asking for membership information. Jon, 
who has an oral history assignment and wants to interview some senior citizens 
about their early school experiences, uses the Bulletin Board part of Mailbag to 
ask the class if any of their grandparents were bom in town. In each of these 
cases, Mailbag is an efficient vehicle for sharing and seeking information, while 
providing opportunities for written expression that often are not present in 
school. 

Mailbag's second function is to receive messages. In that same classroom, 
each student checks his or her mail. They can also request mail from specific 
groups to which they belong. Finally, they can view the Bulletin Board and 
read messages that have been posted for everyone. For example, Maria consults 
Mailbag by typing her name. She has two messages, one tided "Urgent" and 
die odier "Secret Letter." She reads bodi and learns diat her modier has left 
her lunch money at the office (a message conveniendy left for her by the 
teacher), and that her ardent, but as yet unidentified admirer, wants to meet 
her after school. When she asks for messages for die Soccer Club, she finds out 
that there is a practice on Thursday after school. Consulting the Bulletin 
Board, she learns that Wallie is looking for recommendations for a new adven- 
ture book to read and is soliciting opinions for and against each suggested book. 

The Social Context Revisited 

Our experiences demonstrate that software like Quill could influence the 
social context of a classroom to encourage real communication, by helping stu- 
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dents focus on audience and purpose, revise with clear reasons, and develop a 
literate community. Of course, the teacher plays a lai^e and critical role in de- 
termining the characteristics of the interactions that evolve. Some teachers 
used software and accompanying suggestions in the teacher's guide as a starting 
point for enriching writing iiistruction in their classrooms in ways that went far 
beyond the softu^are, including a book of love stories to inanimate objects 
(inspired when the teacher confided to his class that he loved his bri^t red 
sneakers), a series on TV plays written by a group of four 6th grade girls, a 
community calendar decorated with pictures and student poetry and contain- 
ing the birthdays of all 50 village residents, and several monthly classroom 
newspapers. 

The most interesting results, however, were the unanticipated interac- 
tions among the computsir, the software, and the classroom. In one classroom, 
a series of events led to a 6th grade girl's discovery that there are often rea! and 
important reasons for revision. The entire class had attended a schoolwide 
Black History Show in the auditorium and when they returned, the teacher 
announced an optional assignment: write a review of the show. Those who 
chose to write could use Quill to produce a final version of their review. Stu- 
dents got access to the computer in the order in which they finished their 
drafts. One girl, Margaret, included the following paragraph in the first draft of 
her revision: 

"The scenery was pretty good, and the light was bright enough, but the 
sound was not good. Mr. Hodges was speaking very loudly and was good on 
the stage. I think the show deserves three stars because it was very good." 

While Margaret was standing in line to use the computer, her fiiend, 
Mary, finished 2 draft and joined her. Margaret read Mary'<i ntther negative 
review, which contained the following paragraph: "I don't know what happened 
to the Glee Club, they were almost all weak. The audience couldn't hear them. 
They soimded soft then they went loud. It was a disaster!" 

When Margaret had her turn at the computer, she made several changes 
in her review. Some were minor, but there was one major change. In the mid- 
dle of the paragraph included above, she inserted several new sentences. The 
piece then read: "The scenery wasn't much, and the light was kind of dull, and 
the sound wasn't very good. Mr. Hodges was speaking loud and clearly, and he 
was good on the stage. When die Glee Club was singing so nice, Mary got very 
jealous and asked Mrs. Evans to be in the Glee Club. But when Mrs. Evans 
said 'no,' she wrote bad things about tJ^e Glee Club on th^ computer upstairs." 

Margaret had made a quite substantial revision in her review. It was not 
motivated by a teache!*'s telling her diat revision is an important part of eSec- 
tive writing, but by her sense that her audience (the class) would want an 
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explanation of the discrepancies between her review and Mai/s. This is the 
very essence of good writing: the incorporation of critical reading and audience 
awareness* into the writing process. The contributions to this powerful lesson 
for Margaret were many— the computer that created die need for a queue in 
which she read her classmate's piece, the teacher, and the social context all 
contributed in important ways. It is this interaction that should be at the center 
of future software design and research into technology's place in education and 
the use of computers in schools. 
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V V hen we look at computer use in human- 
ities and social science curriculums, there is great potential for impact on 
student learning should stand-alone personal computers become commonplace 
in classrooms. Althou^ computer-assisted instruction has impacted education, 
tool software and the application of standard software such as word processing 
packages, database management programs, and spreadsheets can have a fiar 
greater impact on humanities teaching. From computers come new and intri- 
guing variations of what teachers have always done — make students think, see 
connections, and ask questions. 



Word Processing Softwaic in the Classroom 

For humanities classrooms, word processing software is the most obvi- 
ously useful tool. A significant number of students are already using word 
processors for writing assignments, tests, reports, and letters. Teachers, too, are 
already using word processors — saving tiieir work on a disk for easy revision 
next time the unii is taught, making notes on die assignment after the unit is 
completed, and varying their basic message according to which student is to 
receive it The magic of a word processor is, of course, ease and cleanliness of 
revision; teachers and students love it, and better papers result 

The application and use of the word processing software can be expanded 
beyond the typical scenario. What follows is an account of a unit that I pre- 
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pared and taught to four classes of 7th and 8th graders at the Sidwell Friends 
School, an independent Quaker school in Washington, D.C. My primary unit 
objective was to use a word processor in teaching the writing of poetry. 

Working with Sally Selby and her four classes of vertically grouped 7th 
and 8th graders, I developed an approach to teaching poetry that I hoped 
would encourage the students to see their poetry as more of a process than a 
product; one that would produce poets as much as poet*y. It is the experience 
of many teachers that students are fiercely protective of their own writing, espe- 
cially poetry; that the rough draft and the final are the same; and that revision 
is punishment Here is where the word processor came in. It was our hope, sup- 
ported by die experience of others who had worked with students in their 
vATiting, that the ease and neatness of the revising process would encourage 
students to revise their work more readily. 

We began by examining several poems by recognized authors — poems 
that had been entered into the computer. \^ewing poetry on a monitor was in 
part little different fi*om using a "hard" paper copy. First, we looked at all the 
proper things — images, alliteration, rhythm. But we studied word selection by 
generating a list of synonyms for a critical word in one of the poems and then 
inserting a synonym into the poem on the screen. Of all the efforts to look at 
the "real" poems, this was the most successful — students started to see the 
power of the right word in the right place. 

We had asked students to write their own poems and read these exercises 
aloud in class. Each day I put some of their poems up on the monitor's screen 
for discussion. We looked at what worked and what did not, according to die 
intent of the student I had read an article in the Washington Post in the fall of 
1985 about the use of ThinkTank in meetings, which suggested that partici- 
pants in a meeting where the focus was on a screen (in that case, one that 
showed the organizing program) were notably cooperative and made relevant 
contributions. With that in mind, I hoped that the competitive element always 
present in classrooms would be dampened by the presence of the monitor. And, 
in fact, there were few pejorative comments about the poems that came up on 
the screen. Though students often suggested changes in another's poem, they 
did so without saying or implying that their way was better. 

As a final assignment for the unit, we asked each student to produce his or 
her best poem. Students' rough drafts went into the computer as soon as they 
came in, sometimes typed in by me, sometimes by the students themselves. 
Interestingly, few students wanted to play with the machine; and even fewer 
really knew how to use it This was the beginning of a process that continued 
for several days. I would sit with students at die computer and we would dis- 
cuss their poems, what they liked and disliked, and what I liked and disliked. 
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Some of the changes were explored on the spot, but often I would ask them to 
go home and work on one Irae or section overnight, and come in vn\h revisions 
the next day. 

The success of tfiis procte>s varied from student to student There were 
many who sought me out eagerly before school or during free time to get their 
changes onto the screen. While I worked widi individuals, other students 
worlid on their poetry in pairs, by themselves, or with the other teachen A col- 
league commenting on die process said that when she was in school she had 
never been given the sense that revision was part of the writing process. She 
also noted Aat the way in which the teacher and student worked together at 
the computer created an entirely new relationship, and diat she had never seen 
any of her teachers as resources to the extent diat this process mandates. 

At the end of this process, when all students had a poem entered and 
revised on the disk, we printed them out and copied them so diat each student 
had an anthology of student poetry. This is another common and valuable u^e 
of a word processing package: compiling and producing collections of student 
writing. 

Students did not endorse the use of the computer wholeheartedly. A few 
(periiaps one out of four) expressed initial revulsion at the mix of poetry and 
computers — of soulful art and soulless machines — and diat attitude had not 
entirely left at the end of the unit. For myself, writing poetry seemed as easy on 
the computer as by hand. I was much more ready to revise it and I found 
myself experimenting to a much greater degree dian I would have done under 
ordinary circumstances. It may be worth pointing out. however, that only one 
student did the first draft on a computer (at home) and that what we were 
about was revision rather than writing. That aspect of the piX)cess was clearly 
successful. Ms. Selby, who had done litde work with computers before, agreed 
with me that the students' work was significandy better as a result of the exten- 
sive revising. 

There are a number of additional ways to use z personal computer in this 
unit. We did nothing with random generation of poetry, for example, nor did 
we track any of the students' work with the personal computer, but the essen- 
tial task of getting students to write and revise poetry was successfiil. I would 
do it again and I believe that Ms. Selby would do it again also. I hope that this 
kind of computer use will spread to other classrooms in the school. 

Spreadsheets and Databases in Social Studies 

Use of other standard software tools, such as spreadsheets and database 
management programs, is far behind that of word processing, but these uses 
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hold potential for exciting changes in teaching. The cause-and-eflfect relation- 
ship and the "what-ir land of thinking that they generate is critical in a social 
studies curriculum. In another experimenml unit, I worked on database build- 
ing in social studies. 

The topic of the unit was "social stratification." I joined a class of 8th 
graders after the students had read a diapter on that subject in their sociology 
text With Alan Braun, their regular social studies teacher, and me in the class- 
room for the rest of the unit, the students read Working by Studs Terkel, with 
each student specifically responsible for relating approximately 10 of the 133 
interviews in die book to what they learned from the sociology text 

In the first class, I explained what a database was, comparing it to the 
expertise that a doctor builds up by training and practice, with ';ach exptHence 
being a file in the doctorls database. I connected it to the unit by explainin j 
that we would look at the interviews in Working and combine what each of the 
individuals had to say about their job to build a picture of what the book as a 
whole said. 

After a week of general discussion about the book, we developed questions 
about the interviews to be answered by each student The questions were pre- 
dominantly factual (sex, approximate age, race, if known), but many of them 
called for students to make judgments (e.g., how the subject liked the job on a 
scale of one to five, what their motivations were for taking the job). We ad d 
numerical prestige ratings ft-om a survey done in 1980 and the Equal Employ- 
ment Opportunity Commission job-classification rating. Students readily 
accepted that all their responses had to be numerical or mult pie choice in form. 

All interview data were entered into the computer, and when tiie database 
was complete, we looked at the results. Students could ask to see the correla- 
tion between answers to any pairs of questions, or to see what one discrete 
group said as contrasted with the entire set of interviewees. For example, the 
workers in the highest stanine of prestige did not have a correspondingly high 
level of job satisfaction; women and individuals holding minority status tended 
to share negative attitudes about their jobs. Other similar results were equally 
thought provoking for the students. 

The 5;tudents clearly believed that entering their ovm opinions into the 
database mattered a great deal. During assignments, students looked at connec- 
tions, tried out hypotheses, and thought analytically and creatively— all key 
skills for social studies instruction 
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The preceding curriculum units exemplify my individual style and philoso- 
phy of teaching, but computers adapt with ease to any approach. My teaching 
has been enhanced by computer use, and, while I know that using computers 
has changed my teaching, I am equally sure that I have not been pushed where 
I did not want to go. 

Teachers are pioneers in developing how best to use computers in the 
humanities. As we develop new uses, we will feel the discomfort that accompan- 
ies change, but we can delight in what lies ahead. 
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Norbert: Who are you? 

Lexor: I am Lexor, Storylord of Mojuste. And you? 

Norbert: Vm Norbert. . . .boy of Wisconsin. 

Lexor: Norbert, there is no time to lose. The wicked 

Storylord, Thorzuul, seeks to conquer my planet. 

Then he will attack yours! 

I am old — my time in this body is short. I need an 

Apprentice Storylord to help defeat Thorzuul and 

save both our pbnets. Will you accept the 

challenge? 

Norbert: W'ill sure, I But I have to be home by 

diimer time. 
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The precediag curriculum units exemplify my individual style and philoso- 
phy of teaching, but computers adapt with ease to any approach. My teaching 
has been enhanced by computer use, and, while I know that using computers 
has changed my teaching, I am equally sure that I have not been pushed where 
I did not want to go. 

Teachers are pioneers in developing hov/ best to use computers in the 
humanities. As we develop new uses, we will feel the discomfort that accompan- 
ies change, but we can delight in what lies ahead. 



So begin the adventures of Norbert in the instructional television series 
"Storylords," which introduces 2nd through 4th grade students to reading com- 
prehension skills. 

In the case of "Storylords,*' research in Wisconsin indicated a need for a 
reading series for the lower primary grades. Consultations with reading e]f>erts 
established diat the series should present a set of reading and comprehension 
strategies that an accomplished reader would apply — strategies such as acttvat-* 
ing prior knowledge before starting to read, making inferences by combining 
what you know with what is on the page, defining an unknown word through 
its context, and so on. These consultations led to the creation of a project team 
consisting of reading experts, a production crew, and writers who combined 
their skills to produce such a series. 

In designing and developing "Storylords," we considered the content to be 
presented, die intended audience, and die series' goals and objectives — all of 
which are examined in greater depth later in this chapter. 

Children in grades t^*'o through four were the selected audience for the se- 
ries. The selection of story line was based on its potential for this age group: To 
defeat Thorzuul and save the citizens of the planet Mojuste, Norbert must 
learn and apply reading comprehension strategies to the problems Thorzuul 
poses. Additionally, the childrens' level of cognitive development was consid- 
ered in determining the balance between the amount of information presented 
and the pace of presentation. 



Velevision as an Instructional Medium 

The power and limitations of television dictate to a large degree what can 
be done in an instructional television series. Television is good at holding and 
focusing attention, systematically presenting ideas, and maximizing the effi- 
ciency of presentation. On the other hand, television is basically unidirectional 
(i.e, noninteractix'c); it must satisfy the least competent viewer, and it is largely 
limited to presenting abstract ideas through concrete examples. Instructional 
television users normally prefer that programs be limited to about 15 minutes 
of viewing time. This limitation of 15 minutes is preferred for two reasons: to 
limit the total amount of information presented in one session, and to allow for 
pre- and post-viewing activities widiin a normal block of instructional time 
(50 minutes). 

We cannot expect children who watch instructional television to be able to 
perform all tasks presented in the program simply by viewing the program. 
Television genei-ally is not the best medium to accomplish changes in perfor- 
mance. Therefore, teachers must use the medium to support, not accomplish, 
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their learning goak. Television can and should present a concept (as in 
**Storylord," a reading strategy) in such a way that students are able to under- 
stand and appreciate its use. Following the televised illustration, the teacher can 
show the student how to apply the strategy. 

An exception to this general rule might be an instance in which an instruc- 
tional television program presents a linfiited amount of information, such as 
what the letter "A** looks and sounds like. We are all tamiliar with the great suc- 
cess of "Sesame Street" in demonstrating that such basic skills can be taught 
dirough television. However, the learning of more complex conceptual know- 
ledge within a IS-minute period cannot be accomplishwl, certainly not in any 
measurable way. 

What, then, should be expected from a 15-minute instructional u^levision 
presentation? The answer to this question has a tremendous impaa on the 
design of a program. 



Program Design 

Perhaps the best way to describe what can be expected is through an anal- 
ogy shared by Leonard Waks during a Science Technology and Society 
meeting at Penn State University where the use of televisions was being dis- 
cussed (personal communication 1986). In a typical trigonometry class, a 
teacher may prove a theorem at the board. The hope is that the students will 
understand the proof The teacher mi^t expect a student to say: **Oh yeah, I 
get it!" However, the teadier would not expect the student to then be able to 
perform the proof This ability would come only after repc ated attempts and 
much practice. Nevertheless, diough the teacher would b^ unable to measure 
the student's understanding of the proof, he or she would feel comfortable 
knowing that the student "got it." 

Applying this analogy to instructional television, we can expect that after 
viewing a program students ^dll be able to state that they understand the mes- 
sage. Perhaps th^ will be able to explain how they came to understand the 
message— what elements of the program made it understandable to them. In 
most cases, however, they will not be able to demonstrate an ability to perform 
according to the message. 

In the case of "Storylords," after viewing the video program that intro- 
duces the strategy of identifying the elements of a story, students may say, **Y(js, 
I understand it." Students may be able to explain what they understand. A story 
must have six parts: setting, characters, problem, goal, episodes, and resolution. 
Without these, it is not a story. They may be able to say why this is important 
to know ("Knowing story structure helps one understand a story") and even 
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why they think this is so ("When Mandy had to solve the problem, she used 
what she knew aboui story structure to do it"). However, if asked to identify 
the elements of a story and to show how this helps to understand th.e story bet- 
ter, the students would probably fail. This ability will come only after students 
work with stories under the guidance of a teacher. 

A IS-minute instrucdonal television program, then, can create understand- 
ing in the audience without necessarily bringing abou: measurable changes in 
behavior. 

T1iicConte.^c Reading-Comprehension Strategies 

"Storylorcs** wvis developed by Wisconsin Public Television Networks 
(1985) to improve reading comprehension and reading comprehension instruc- 
tion in grades two through foiu*. Research (Duffy, Roehler, and Mason 1984) 
identified comprehension strategies employed by competent readers, some of 
which are already taught in regular readiiig instruction (e.g., identifying a main 
idea and supporting detai'ts) and some of which have traditionally been left im- 
taught (e.g., improving imderstanding by connecting what you already know 
with what you are reading). A skilled reader learns this set of strategies and ap- 
plies them where appropriate. If the strategies can be taught to and used by 
young readers, their ability to comprehend what they read should improve. 

The goal of "Stoiylords" is to present comprehension strategies in such a 
way that students adopt them znd incorporate them into their regular processes 
of reading comprehension. 

Thinking about Thinking, Reading can be thought of as a process in which 
the reader continually experiences new problems to solve: determining who the 
main character is; understanding a new, unrecognizable word; and finding 
answers to questions. To solve a problem, the reader must be able to recognize 
and identify it as a specific problem, decide on the appropriate solution, apply 
the strategy, consider the success of the application, and reassess any or all of 
these steps as necessary. For example, Norbert is trying to learn to throw a spi- 
ral pass by following the directions in a booklet. He is able to understand the 
words, but does not knew enough about throwing a football to understand the 
directions. In science class the next day, Norbert learns a special strategy for 
reading assignments that do not make sense: stop, think, reread, ask, re?.d over. 
In the application of this strategy to the football booklet, Norbert has identi- 
fied a problem — he cannot make sense of what he is reading even though he 
understands the words. He knows that he needs additional information in 
order to figure out how to throw a spiral so he applies the strategy — he stops 
reading, thinks about his problem, rereads the text, decides that he needs help 
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6rom someone who knows how to throw a spiral, gets that help, and then re- 
read the text to get the information he wanted from the booklet in the firet 
place. 

Such introspective problera solving and strategic behavior requires readers 
to reflect on their mental processes. Metacognition, as this process is called, 
poses problems for 2nd rmd 3rd grade children. Young children do not 
understand what to do when directed to think about their thinking processes. 
They cannot consciously pause and consider their own thinking. This ability de- 
velops later. 

The Audience 

Children in grades 2 through 4 are quite competent at observing and copy- 
ing the behavior of others. Certainly this modeling behavior is a significant 
part of human developnent. In fact, the research jito the effects on children of 
violence and other antisocial behavior seen on television shows that children do 
model the behavior they see (Gadow and Spratkin 1989, Huesmann and 
Malamuth 1986, Singer 1989). 

0\a task, dierefore, was to create situations in which characters would 
find themselves in a problem situation that would require the application of the 
appropriate strategy. Tc facilitate the modeling, the situation would have to be 
idendfied by the audiences as desirable or attractive — one in which viewers 
could imagine themselves. 

Getting Audience Attention Through Fantasy. We wanted to create a situa- 
rion in which reading problems would have tangible consequences, as well as a 
situation to which the audience could relate. Certainly, today's children have a 
good deal of experience with, and are very fond of, fantasy action adventures. 
Therefore, this genre is effective with young children as a motivational tool. 

Briefly, "Storylords'" plot is this: An evil wizard, Thorzuiil, is attempting 
to gam control of the planet Mojuste by finding those who cannot read well 
and turning them to stone. The good Storylord, Lexor, enlists the aid of Nor- 
bert, an average boy Whenever someone is stuck on a readmg problem posed 
by Thorzuul, Norbert is siunmoned to Mojuste, where he must determine the 
problem and use a reading strategy to solve it Such a context creates a situa- 
tion where the problem is significant and warrants the attention of Norbert 
and the audience. 

Grounding in Real I.ife 

The next devtiopment task was to determme how to provide Norbert with 
appropriate strategies to solve the problems and thwart Thorzuul. Perhaps, like 
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Norbert, many children judge die usefulness of school by the relevance school 
has for diem. Therefore, it is appropriate that Norbert acquires the informa- 
don he needs fron. his teadier, Mrs. Framish, and from dassroom reading 
instruction. This approach! helps the audience see and appreciate die value of 
education for solving problems that are important to them. 

While the situations in which Norbert finds himself on Mojuste capture 
attention, they are not a part of the audience's daily life. To show the audience 
how these strategies relate to da}!y life, each program also contains a problem 
that is a part of Norbert's everyday "earthly" life and is solved by the applica- 
tion of the same strategy used to solve the problem on Mojuste. 

Decisions about Characters 

It was important that Norbert's character be someone with whom tfic audi- 
ence couJd identify. Norbert is not perfect. He is a litde overweight and a litde 
"frumpy" While interested in sports, he does not excel in them. He likes to 
learn but is not enthusiastic about school. 

So that there could be an exchange of dialogue with Norbert, he was ghren 
a friend, Jason, who is a litde more practical, not as prone to fantasy. Perhaps 
that is why Lexor chose Norbert, not Jason, to be his apprentice. 

Field testing while the series was under production Indicated a potential 
problem: both principal characters were boys. If the situations being created 
were ones that boys would be more likely to experience, girls in the audience 
might have diffioilty idertifying with the situation:^. This finding prompted the 
creation of Norbert's sister, Mandy, who is a year or so younger than Norbert. 
While Norbert often provides guidance for Mandy in reading comprehension 
skills, Mandy has abilities of her own. She can, for example, throw a football 
with a perfect spiral. And when introduced by Norbert to reading strategies, 
she demonstrates her adeptness at quickly grasping and applying diem in practi- 
cal situations. 

In fact, Mandy accompanies Norbert on trips to Mojuste and, in several in- 
stances, thwarts Thorzuul completely on her own. 

The Artistic Element 

While developers and producers of the series were knowledgeable about 
child development and reading comprehension, they also had experience with 
what captures the attention of children and what makes good television. Art 
had as much to do with the development of the series as did science. 

Science and art combined, for example, in the selection of the actor who 
played Noioert The character not only fit the instructional needs of the series 
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but also "looked right" and was easy lo direct. Artistic elements used to capture 
the attention of the audience and make diem ertjoy watching include special ef- 
fects (Norbert's space travel machine), costumes (Thorzuul's broad-shouldered 
cape), props (Storylord gloves), music (Thorzuul's entry theme), and comedy 
(Thorzuurs sidekick, Milkbreath). 

Evaluation 

Television is an artistic medium; ignoring this fact in the development of 
instructional television ^n limit bodi its effectiveness and its appeal. Ulti- 
mately, the success of "Storylords" will be determined by how well the series 
blends science and art, as well as by the way it is used in the classroom. 

Field Testing 

Evaluation of "Storylords" was conducted in several stages. As previously 
mentioned, a preliminary version was field tested. During production of the 
series, evaluations were conducted at points whei-e modifications to content 
outlines, program treatment, and elements could be made fWilsman 1984). 
Teachers, reading supervisors, principals, ivnd students eva^iated the scripts and 
content outlines as they were developed. In addition, observations and inter- 
views were conducted in classrooms to determine the ways reading was taaght 
so that the necessary assistance could be provided through the accompanying 
teacher guide or inservice training. Ouser/ations also were made about the 
extent to which students and teachers referred to, and used, reading compre- 
hension presented in "Storylords." 

Based on the recommendations of the evaJuators, the scripts and content 
outlines were revised. For example, the character Lexor, the good storylord, 
was strengthened to match that of Thorzuul, the wicked storylord, who was 
found to be very appealing to students. 

Students found the "Storylords" programs highly appealing and applauded 
after viewing them. Boys sat on the edges of their seats and volunteered equally 
as often as girls to answer questions about the storyline of die program and the 
strategy. After the lessoas, students were able to state the readkig strategies in 
their own words. During die week following each lesson, students referred to 
the program's characters and reading strategies. All students were anxious to 
see the next program. 
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Final Evaluation 

After the series was complete, we cdhducted ah extensive evaluatiou •'O 
determine the effectiveness of "Storylords" with 2nd, 3rd, and 4th grade stu- 
dents (Wilsman 1987). In addition to student and teacher interviews, 
standardized tests in vocabulary and comprehension were administered to stu- « 
dents in the fell and spring of 1985 and 1986. Results showed substantial 
increases in mean comprehension and vocabulary scores for students who had 
participated in the "Storylords" program. Improvements in comprehension 
were greatest at the 2nd grade, good at the 3rd grade, and minimal at the 4th 
grade. In addition, the greatest improvements at the 2nd-grade level were 
among students who had scored the lowest on the tests administered in the fefl. 

By the end of the year, the majority of students had improved in their view 
of reading (Wilsman 1987). These improvements reflected incorporating new 
ideas about using strategies and reading for m.eaning, while maintaining die 
previous viewpoint of reading as an automatic, decoding prc^jess. Very few 
students' improvements reflected an integrated view of reading; that is, recog- 
nizing when reading should shift from an automatic to a strategic process. 

Results also indicated the value of inservice training and the effectiveness 
of using the "Storylords" series over a long period of time, accompanied by 
many teacher-directed lessons. 

Use of "Storylords" represents a fundjimental change in the way most 
teachers teach reading. Such a change cannot occur easily or quickly. Educators 
who wish to switch their way of teaching reading must, among other considera- 
tions, allow for enough time to do so. 
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0. 




ther chapters in this book amply describe 
the use, power, and influence of television, computers, videodiscs, and telecom- 
munications on what and how we learn. But what do we know of the potential 
of any or all of these technologies when used in combination? Is the effect neu- 
tral, cumulative, synergistic? 

These questions are neither trivial nor academic. Perhans nowhere are the 
effeas of technology felt in schools as strongly as in situations where integra- 
tion of components and media is the rule rather than the exception. The near 
future of technology appears to be moving rapidly — and somewhat paradoxi- 
cally — towards both unification and diversification. The increased digital 
encoding of all forms of datik means that all technologies will operate on the 
sa'^^ne type of input, whereas forms of output can be highly flexible and varied. 
A single digitized bank of data could be displayable as a television show, a diree- 
Jimensional hologram, a computer-generated text on screen or paper, a sound 
track, or any of a variety of output forms. These hypermedia formats are 
already being introduced in experimental programs. Our present concern 
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about integrating technology focuses on the best ways to bring diverse sources 
and forms of information together conveniently and effectively. TJltimatcly, 
however, we must deal with a more fundamental question: ^^Tiat information is 
best conveyed and reinforced by which media, and how do we combine media 
to enhance learning most effectively? 

One attempt to answer these questions began in 1981, when Bsmk Street 
College receh^d support fix)m the U.S. Department of Education to develop 
The Voyage oftbe Mimi, a multimedia program iij science .ind matiieniatics edu- 
cation now used in thous?mds of classrooms around the nation. Subsequently, 
additional infonnation rf;levant to these questions was obtained from the Matii- 
omatics, Science and Technology Teacher Education (MASTTE) Project, a 
demonstration and reseirch project funded by the Nations! Science Founda- 
tion. The MASTTE F/oj^ct provided training and support and conducted 
research in 26 school f>ystems nationwide on the content preparation in math 
and scienr- of elementary teachers, pedagogy and philosophy of science and 
math teaching, curriculum planning, and management of tedmology in math 
and science education. MASTTE used The Voyage of the Mimi as a vehicle for 
its training and support worl. Together, these two projects provided us with 
valuable information about the uses and effects of integrated technologies in 
science and mathi learning. 

Our early f.ffbrts convinced us that integrating media and technology 
brings considerably more power to learning environments. Children's and 
teachers' expf;riences seem to be more expansive, more motivating, more dy- 
namic, and more "real" when integrating technologies than vyhen using 
technologies independentiy or not at all. 



Integrated Technologies in the Mimi 

The Voyage of the Mimi is a television show in two segment . '3 quarter- 
hour:5 of adventure story (called episodes) about two researchers and their 
teenage assistants who are conducting a study of humpback whales aboard a 
ketch called Mimi in the Gulf of Maine; and 13 quarter-hours of documenta- 
ries (called expeditions), which explore and expand upon concepts or 
phenomena depicted in the drama. Accompanying the television segments are 
The Overview Guide, The Voyage of the Mimi: The Book, and Student's and 
Teacher's Guides for each jf four learning modules: Maps and Navigation, Whales 
and Their Environment, Ecosystems, and Introduction to Computing. Each module 
contains print materials and software for teacher and student use. 

The Voyage of the Mimi materials reflect current thinking at Bank Street 
about how children learn to do scientific investigations, how to bring other 
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lesources (such as computers) to bear on this work, and how new and varied 
media can improve learning. Each type of media is designed to serve a different 
purpose; as a whole system, the materials present a cohesive and powerful 
combination of instructional tools. 

Television 

The television series was designed to be the "prime motivator" of the 
Mimi materials, ^fhe theme — whales — was selected because it offers a rich 
vehicle for science and niadiematics, becaiise of its wide appeal to both boys 
and girk (and adults) in a range of grades, and because it is timely; in short, 
because it offers a broad base upon which to build the TV shows and related 
software. Further, the plot was designed to illustrate certain skills and attitudes 
that are a real part of "dohig science." Neither the shows nor the materials dis- 
cuss formal scientific processes (the scientific method); rather, they convey a 
disciplined curiosity about scientific and mathematical phenomena. Our belief 
is that most working scientists were first fascinated with a phenomenon itself 
(e.g., the highly publicized fascination of Stephen Gould for a snail or Lewis 
M. Thomas for a cell). Only later were they attracted to the tools and methods 
for examining the objects that caught their interest. 

Software 

We designed software programs based on certain assumptions about the 
uses of technology in learning science and mathematics. First, while the shows 
are designed to be highly motivating, the computer is the central classroom 
"attention getter," allowing students to grasp and maintain interest in a topic or 
theme that the shows present. Second, all software programs contain n )the- 
matical and scientific content, although the balance of mathematics and science 
varies according to the purpose of the software. 

Each software program emphasizes a different scientific discipline (e.g., 
biology), a different mathematical concept (e.g., variables), or both. The disci- 
plines and concepts were selected ft*om the obviously large number of scientific 
and mathemariral areas for several reasons They are appropriate for elemen- 
tary students; they offer variety in content; they are adaptable to a range of 
software formats; and they allow us to show that mathematics and science are 
partners in the work of understanding natural phenomena. Further, the comoi- 
nations of specific mathematics concepts and scientific disciplines allow us to 
reinfcTce four general skills of scientific investigation: foiming and testing 
hypotJ eses, predicting, sampling, and generalizing. 
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Third, Mimi software is designed to model software formats commonly 
used by adult scientists. Consequently, our four learning modules include simu- 
lations {Rescue Mission in Maps and Navigation)^ modeling software {bland 
Survivors in EcosysteTns)^ lab instrumentation {The Bank Stre^^t Lab in Wbaks and 
Their Enviromnent\ and programming tools {Whale Search and other tiutle 
graphic gamer, in Introduction to Computing, 

Print 

Print material; have an equally important and distinctive place in the 
Mimi program. They provide factual information for both teachers and stu- 
dents as nA\ as suggested acdvides and studies. They also contain probing 
questions that require time and effort to answer, thus allowing for both contin- 
uous reference and slower assimilation of information than either the televised 
shows or the software. Finally, the print materials provide resources and refer- 
ences for further investigation or study. 

Technologies m Combination 

According to Sam Gibbon (in press), executive director of the project 
through which the Mimi materials wer.: developed, the combination of 
media/technologies found m the Mimi program has special power to put math 
and science concepts and problems in ''real world" contexts that are hi^y 
motivating to students. A dramatic television segment can set the problems, 
depict engaging characters struggling to solve them (perhaps under consider- 
able dramatic pressure), and then play out the solution as the dramatic conflict 
is resolved. Documentary episodes and print materials can also provide addi- 
tional information about the problems under investigation while raising 
questions that help formulate solutions. Microcomputer software can then 
present analogous problems for the students to solve. 

For example, in Episode 3, the captain of tiie Mimi sets sail toward a 
dangerous shoal. An electrical problem causes the knotmeter (a nautical speed- 
ometer) to malfunction. The captain measures the IVIimi's speed by timing the 
boat's passage past a piece of bread thrown in the water. The calculation con- 
firms the captain's suspicions: The boat has been traveling faster than the 
indicated speed and has therefore gone farther toward the shoals than the cap- 
tain intended. He must quickly determine the boat's actual position. He 
triangulates Mimi's location by taking compass bearings with the boat's radio 
direction-finden Where the bearings cross, there lies the Mimi, perilously 
close to tiie rocks. Stuc^ents who watch this episode are absorbed by the dra- 
matic action. Because the mathematics of navigation is central to the resolution 
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of the problem, they remember most of the details. And they are motivated to 
a Jiiress the next task: to use Rescue Mission^ which contains computer-simulated 
instruments for solving analogous navigation probletns. Although the math 
concepts are difficult, the dramatic demonstration of their value in a life- 
threatening situation sustains the students' interest through the hard work. 

Later in the drama, the Mimi is cau^t in a storm. Dxuing the frantic 
efforts to take down the sails and find a safe harbor, the captain is knocked 
overboard. He is rescued, but the crew must imm.ediately return to securing 
the ketch. The captain continues to work to near exhaustion. He has remained 
in his wet, cold clothing for too long and experiences hypothermia. A speedy 
auempt to raise his bo^ temperature using standard s\irvival techniques 
begins. This episode is followed by Goosebumps, a documentary on the regula- 
tion of body temperature. Students see one of the Mimi crew (in his real life 
persona) at the U.S. Army Arctic Wind Chamber, exposed to various condi- 
tions that affect body temperature. Watching die nai.ator (the 12-year-old 
protagonist) shiver to keep his core temperature stable as his extremities lose 
heat elicits sympathy and amazement from student viewers. They become curi- 
ous about their own body temperatures, wondering if everyone's is the same. 
By using the temperature probe on the micro-based Bank Street Lab, students 
easily obtain the answer to this question and several others simultaneously. 
Measuring the temperature of each student's hand using the temperature sen- 
sor of the Bank Street Lab, they quickly explore both the phenomenon of hand 
temperature, and the characteristics and functions of the Lab. They discover 
the power of this tool to calibrate, measure, compare, analyze, display, and 
store their data — in other words, they learn to use technologies in scientific in- 
vestigations as scientists do. 

Integrated Concepts in the Mimi 

As noted earlier, all software formats in the Mimi materials are designed 
to engage students in scientific inquiry, just as adult scientists are engaged. But 
the power of these materials is found not only in the way students are intro- 
duced to "real" electronic tools for scientific investigation, but also in the way 
all parts of these materials are related and held together. The Mimi materids 
are integrated in two ways: first, in the mixture and appropriate use of each 
medium as it is used to present ideas, images, facts, processes, and tools of sci- 
entific and mathematical inquiry, and second, in the conceptual connectedness 
of the subject matter presented through all media used. 

This connectedness is accomplished through the use of themes — whales 
as the overarching theme, and broad scientific or mathematical concepts (e.g., 
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ecosystems) as themes cf modules. The main theme of the television series and 
the subthemes of the modules, and thus of the prim materials and software, are 
also related. For teachers, diis thematic approach makes instruction consider- 
ably easier to organize; for students it makes learning seem more natural. With 
activities driven by questions about broad themes, the irregular and cognitively 
difficult process of moving horn one discipline to the next (e.g., from reading 
to mathematics to social studies) is minimized. 

In working with teachers and staff developers, die MASTTE Project fo- 
cused on the development of interdisciplinary curriculums in science and 
madiematics, as weU as on linking science and math to other disciplines. 
MASTTE, too, relied on die use of themes drawn from the Mimi materials or 
from children's interests and experiences. We found a wealth of thematic mate- 
rial in die Mimi that could be used as a basis for developing interdisciplinary 
curriculums. Energy, Survhal, Coptmunications, Whales, Weather, and Oceans of 
Air and Water ^rt only a ffew of the broad themes that can be extrapolated from 
the Mimi program and for which the Mimi can serve as a springboard for a 
wide-ranging array of investigations in many disciplines. 

The effects of conceptual connectedness — or concept integration — can- 
not be overstated. For teachers and students alike, die materials "made sense,** 
that is, diey were organized in ways consistent with their real, day-to-day expe- 
rience with phenomena and objects. As Frank Press reminded us, "a walk in the 
woods is not 45 minutes of rorks, then 45 minutes of trees." It is, espednlly for 
children, a whole experience. Conceptual integration such as that found in the 
Mimi program makes it possible for children's investigations to be placed in 
the context of real, whole experiences. 

Research Findings 

Many of die aspects of the Mimi program are theoretical and philosophi- 
cal considerations about learning that have been translated into design features 
of the materials. But how do the materials fare in the classroom? 

Two studies have been done on the effects of the Mimi program on sci- 
ence and madi teaching and learning. The first major research effort began in 
1981 by Bank Street's Center for Children and Technology (Char et al. 1983) 
and concerned fonnadve evaluation of the materials them~elv(». The second 
effort began in 1984 with the establishment of the MASTTE Research Compo- 
nent, which reviewed MASITE participants' uses of the Mimi materials and 
assessed teacher support needs, particularly concerning the use of computers in 
science and math instruction (Martin 1988; McCarthy 1988). 
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Char's work tried to answer tour basic questions: 

• What were the teachers' backgrounds and classroom routines prior to 
the field test? 

• How were materials used and how easily? 

• How appe'^ling were the materials to teachers and students? 

• How comprehensible were the materials to teachers and students? 

Further, Char addressed each of these questions from multiple perspec- 
tives: according to the perceptions of teachers, students, and Bank Street^ own 
staflf of researcliers. For example, to obtain a collective picture of student com- 
prehension of a piece of software, teachers were asked what aspects seemed 
unclear to students; students were asked what questions they had nbout the 
materials; and students took a comprehension test that focused on specific soft- 
ware tasks that seem to be generally problematic for children. E^ta from sevwi 
measures were obtained that covered teacher backgroimd, in-^ass usage, and 
materials evaluations, and invoh^ed questionnaires, student and teacher inter- 
views, and classroom observation. 

With regard to teacher background and preparation, we foimd liiree char- 
arteristics that influenced how much the materials were used. First, we 
consistendy found that the materiak were used more often, and student users 
were more satisfied with the materials, when a microcomputer was regularfy 
available in the classroom. Second, we foimd that the role teachers assumed sig- 
nificandy affeaed use. Teachers who used software only to demonstrate to 
students were, as might be expeaed, associated with a significant drop in stu- 
dent interaction. Finally, we found that teachers' prior experience widi a 
microcomputer did not greatly affea software use, although the degree to 
V hich teadhers themselves understood the mathematics and science concepts in 
the materials was hi^y influential. 

With respea to appeal and comprehension of the materials, we foimd that 
the tele^ 'sion shows had hi^ appeal, held the interest of children (and most 
teachtibi* and transmitted usefiil and accurate information about science, math- 
ematics, and sdejitists at work. Research showed that the software required die 
greatest change in teaching strategies and that diree iactors affected its compre- 
hensibility and appeal to teachers and students: (1) teachers' understanding of 
the software itself (what it does, how it works, vfh^t concepts seem to be prob- 
lematic for children); (2) the structure of e software (less structured software 
such as the Lab poses more difficulties regarding classroom management than 
more structured software such as Rescue Mission); and (3) die level of student 
understanding of the concepts inherent in the software, as well die tasks re- 
quired to use it effectively. 
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Formative research indicated two other factors that affect the use of 
Mimi materials, but over which we could have little influence: (1) the science 
background — whether fbrmaUy or infbrn?.dly acquired — of teachers and 
(2) the individual teach ei's preferred teachuig style. Teachers with strong 
backgrounds in science and mathematics were clearly able to use these materi- 
ak more effectively. With regard to teaching style, we found that 
child-centered teachers were more effective in using this technology than were 
teacher-centered teachers. Both these findings speak to the pre-service trainir*' 
of teachers, as well as to the general interests and preferences of individual 
teachers using Afimi materials. 

MASTTE research generally corroborated the findings of the Mimi for- 
mative research. In addition, we obtained several interesting findings about the 
use of materiak, changes in teacher and student attitudes toward science and 
mathematics, and the effects of using th" Mimi program on the classroom envi- 
ronment, 

MASSTE research on the use of the materials found that teachers used 
integrated technologies in many different ways. Some used the video portion 
first, others the software, and still others the print materiak. Some showed tlie 
videos slowly over time with computer-based or laboratory experiences inter- 
spersed. Still others used the materiak in disciplines other than science first, for 
example, as a language arts e:.^orience or for scciai studies. These variations 
reflect bodi the versatility of the materiak and the inclination of teachers to 
work initially in their most familiar disciplines. Ultimately, ?11 teachers used all 
media and all increased instruction in mathematics and science. However, die 
integration of both media and content throughout the materials afforded teach- 
ers and students greater options. 

We ako found that diis flexibility helped teachers to grapple with their 
own limitations in science and mathematics. Many of die teachers we worked 
with wore as naive as their students about science and mathematics. (This phe- 
nomenon is not peculiar to MASTTE leachers, having been reported by David 
Hawkins [1972] and others who are concerned with barriers to adult learning.) 
After extensive training and support, MASTTE teacher? reported excitement 
iud surprise at their increasing interest in these subject areas; a substantial 
number began science studies, although we believe thk is more attributable to 
MASTTE training than to the Mimi program. EspeciaUy sigiuficant was the 
ease with which some of the project's more technology-phobic teachers began 
to use all the technology/media in the materials. 

Students showed similar endiusiasm, largely because the materiak are in- 
herently motivating, but also because the materiak encourage pedagogical 
changes that allow children to do what adults do: be flexible in using resources, 
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tools, and activities solve problems. Students worked in all kinds of arrange- 
ments: alone, in small groups, in large groups; with teacher assiotance, with 
peer assistance, and with expert help; with computers, with laboratory materi- 
als, and with common, everyday objects. 

Overwhelmingly, the feeling in the classrooms we observed was that when 
tiie Mimi program was used, it pervaded the life of the clrissroom. In this sense, 
all parts of the classroom were integrated into the scientific and mathematical 
investigations . derway.TWs led to some interesting dianges in classroom at- 
mosphere. While watching the video portions, children invariably became 
more relaxed. Seating arrangements became inform?,!, occasional comments 
among students about events in the episode were heard, and a perceptible shift 
in teacher and student exchanges was seen. Since "video first" was the predomi- 
nant mode of entering Mimi activities, this casual and comfortable atmosphere 
frequently led to more student-initiated activity and especially enhanced small- 
group work in classrooms. 

We also found some constraints to the uses of integrated technologies that 
are probably typical across the nation. These are: (1) declining budgets, with a 
resulting low priority given to innovation in school budgets; (2) lack of person- 
nel qualified to train teachers to use integrated technologies appropriately; 
(3) resistance among teachers to new technology; (4) the rudimentary state of 
communications software; and (5) the nascent state of research on the effects of 
technology on learning. Perhaps the greatest obstade, however, is none of 
these. It may be that schools lack models for evaluating their use of these tech- 
nologies. The availability of some of the most accessible and useful 
technologies (including telecommunica'dons) for teachers is so recent that we 
have only begun to accumulate the research findings and practitioner wisdom 
to inform us about when, how, or even why various technologies are appropri- 
ate in mathematics and science education. 

We also found powerful obstacles to interdisciplinary instruction. Teachers 
rarely had the flexibility to institutionalize IVlASTiE/M^ni program ap- 
proaches to sdence and math instruction. A range of forces — state syllabi, 
departmentalization, standardized tej;ting, and other rigidly disdpline-based 
practices and structures made it difficult for teachers to apply this innovation 
more broadly despite substantial evidence that interdisciplinary instruction is of 
benefit to students and teachers. From measures of teacher and student satisfac- 
tion, student performance (grades, pt?er and expert review), and frequency and 
duration of sdence and matfi instruction, the picture is clear: interdisdplinary 
instruction — integrated conceptually and technologically — is highly motiva- 
ting and engaging, and leads to more sustamed partidpation m science and 
math. 



ERLC 



114 



Technology in Tbday^s Schools 



The MASTTE/Mimi program experiment has shown us the promise and 
potential of moving toward integrating technologies in the classroom. Despite 
the uncertainties of using innovative technologies, wc have seen unquestion- 
able benefits to students and teachers, even in these early applications. But 
underlying the issue of integrated technologies is another, more fimdamentai 
question about which we have only indirect knowledge. Is the medium really 
the message? In other words, is the value of integrated technologies essentially 
in the variety and flexibility they introduce into instruction, regardless of the 
content of that instruction, or is it related intimately to the information we are 
trying to convey? In the case of The Voyage of the Minti, it would be difficult to 
separate the functional benefits of the hardware from the substance embedded 
in the te?evision shows, software, arid print materials. As mentioned before, the 
relation between the content and processes was carefully considered by the 
developers so that the particular medium used to convey content is direct and 
clear. This design factor may be the reason the Mimi program is such a strong 
example of effective integration. 
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JL A. re you beginning to have second 
thoughts about your investment in computers — particularly if you purchased 
them in the hope that they would significantly enhance the learning of at-risk 
students? Now that the initial euphoria is over for you and the students, are 
you seeing a substantial change in the quality of their work? Have they become 
sophisticated learners? Now that they have word processed have they become 
good writers? Is the stuff starting to look like expensive worksheets? Has the 
expendituiw significantly lessened the at-risk problem in your school/district? 

While some are having success with using computers, many concerns are 
well founded. Research is finding that conventional computer use has little 
overall effect with at-risk students beyond the 3rd grade, and may even widen 
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learning gaps. Indeed, the at-risk problem has substantially increased over the 
past decade while educators have spent hundreds of millions of dollars on com- 
puters. Seven years ago I started out to develop a more effective approach to 
using computers with at-risk students — partiaJarly during the critical years in 
grades 4-7. The result is a new curricular approach that combines two of the 
oldest pedagogical traditions — Socratic dialogue and drama— with the newest 
forms of technology and learning theory. The techniques that emerged for 
using computers with at-risk students are the opposite of conventional 
approaches to using computers and have been demonstrated on a large scale to 
very effective. 

The Conventional Curricular Approach to Using Computers 

Conventional approaches to using software rely on its explicit goal to pro- 
duce learning. For example, if one were teaching students the concept of 
"average," one would use software explicitly designed to provide practice in 
that instructional goal. Such software would be expected to independently 
increase the students' knowledge of calculating and using averages. The only 
curricdlar concern would be to coordinate the use of that software with the 
learning objective of the school's content. This is usually referred to as integrat- 
ing computers into the curriculum. 

Using software with the explicit goal of teaching content is most com- 
monly referred to as "computer-assisted instruction" or CAI. While CAI is 
usually associated widi drill and practice, the new computer tools, such as word 
processors, spreadsheets, and simulations generally end up being used as CAI 



Research reviews of the eFr^vencss of CAI such as Bangert-Drowns, Kulik, and Kulik 
(1985) and Niemicc and Walberg (1 9?)7) find that the major effects from CAI have been demon- 
•nrated at the early elementary grade *evels and then declbie rapidly. Haller, Child, and Walberg 
(1988) found that metacognition (without technology) has twice the effect of CAI. Rnally, Hativa 
(1988) found that when high and Ic w performing students both use CAI, the technology widens 
learning gaps. Nor is there any evidence that word processing improves the writing of at-risk 
students. 
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because the goal of the software is expected to produce learning. Word proces- 
sors are expected to increase students' writing ability, and a simulation of 
chemical titration is expected to enhance students* Icnowledge of the specific 
chemical reactions that are ir odeled. Learning is presumed to occur when stu- 
dents successfully use the soitware. 

The belief that successful use of software can produce substantial amounts 
of learning has so dominated the use of computers since their inception that 
there are virtually no articles on alternative curricular approaches to using 
them. If one believes that computers can enhance learning by simply integrat- 
ing software into the curriculum, there's no need or incentive to rework the 
curriculum or change instructional approacFiCs, nor is there any reason to 
develop alternative, more sophisticated, cunicular approaches. Unfortunately 
integi-ating literal uses of software into the curriculum has generally failed to 
help at-risk students except at the earliest grade levels. 

There are two problems with relying on the explicit goal of software with 
at-risk students. First, the approach is simply not practical. Matching software 
goals to the ever increasing number of curricular objectives, and negotiating 
with all the different vendors, is a logistical nightmare. The more objectives 
that students need help with, the worse the logistics. The second problem is 
that CAI incorrectly assumes that the fundam3ntal learning problem of at-risk 
students is that they have not internalized concepts because they simply haven't 
had enough practice using them, or that the practice provided is too boring to 
have an effect. The explicit goal approach to using software assumes that pro- 
viding additional computer-based practice increases Ae chances that the 
concepts will be internalized. 

The root of the learning problems of at-risk students in grades 4-7, how- 
e\'er, is probably not lack of practice or boredom. Brown (1982) concludes that 
the primary cause of learning problems in at-risk students is inadequate 
metacognition skills. (A simple definition of metacognition is the ability to con- 
sciously apply and test strategies when solving problems and engaging in 
normal thinldng activities such as reading comprehension.) My ovm conclusion 
is that an additional key problem is that at-risk students do not understand 



^Most computer specialists will object to characterizing tools such as word processors as CAI 
because they go to great pains to distinguish their use from drill-and-practice cpplications. At the 
same time, there is no functional difference between how word processors tend to be used in 
schools and how drill-and-practice sofrvare is used. Both depend on the function of the software tf> 
produce learning. 

In addition, the term "CAI" will be used even though many make fine distinctions between that 
and other terms such as "Computer-Based Education," or CBE, and **Tool Use." These and other 
terms used all share the same basic charaacristic of primary reliance on the explicit goal of software. 
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"understanding." The students have no idea how to think about the types of 
ideas used in school to the extent thrt they do not even seem to know what it 
means to understand something that involves the use of symbols (Pogrow 
1990a). Thus, CAI solves the wrong problem. Simply practicing a problem 
more efficiently on a computer screen is not going to help students with 
metacognition and understanding deficits. Students who do not read books 
^^ith comprehension, and who do not spontaneously metacognize about what 
they are reading with regular text, will not do so 'vith information presented on 
a computer screen. Curricular approaches that depend on the literal goal of 
software cannot help these problems. CAI can only help those students who 
ah-eady spontaneously construct linkages and understandings, i.e. those stu- 
dents who are already performing well. 

A Learning Drama Approach to Using Software 

The result of my work to develop the thinking and understanding skills of 
at-risk students is a thinking skills program called HOTS (Pogrow 1988a, 
1990a.) Extensive experience with at-risk students led to the development of 
this curricular approach to using computers that combines the use of software, 
Socratic dialogue, and dramatic techniques in ways suggested by inft)rmation 
processing theories of learning. The resulting techniques are called "Learning 
Dramas." These techniques have been demonstrated to produce larger gains 
than remedial approaches with Chapter 1 students in grades 4-7. The results 
were validated by the review panel for the Federal National Diffusion 
Networks. 

Definition of Learning Dramas 

The five key characteristics of Itaming dramas are: 

a) Instead of using the software to teach concepts, the learning occurs 
indirectly from special conversations about learning to use the soft- 
ware. The explicit goal of the software has nothing to do with what is 
taught or learned. 

b) There is virtually no discussion of technical issues about how to use 
:^ftware. Students are expected to figure that out on their own from 
textual clues. Discussions focus on ideas designed to develop key 
thinking skills. 

c) Dramatic techniques are used in the lessons to heighten the students' 
curiosity and motivation. 
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d) Teachers are trained in how to systematically probe student answers in 
a Socratic manner to produce understanduig. 

e) Thinking is not "taught." Rather, it evolves from extensive, consistent 
patterns of visual interaction about ideas. 

In learning dramas, the explicit goal of the software is viewed only as a stu- 
dent motivator, an interesting goal for them to achieve. Learning comes from 
Socratic conversations around other aspects of the software. Words and con- 
cepts in the menus and instructions on the sa'een provide opportunities to 
invent question* that enable students to practice key thinking activities, regard- 
less of whetlier such questions help students achieve the goal of the software 
These are called "invented" or "incidental'' questions. 

Specific content objectives are built indirectly into these ulsoissions. Situa- 
tions are created in wliich it is important to talk about the content concept as a 
means to an end. Suppose, for example, you wanted students to learn the con- 
cept of average. Instead of using software designed to teach averages ( a CAI 
approach), a learning drama approach would find a piece of software that 
would be of interest to the students, and around which a situation could be 
invented that would require the use of averages. Any problem that produces a 
numerical score and requires the use of a strategy can be used. The learning 
drama scenario would then be as follows: 

Teachers would tell the students: "In the game we played yesterday 
ycu got some very good scores, but also some poor ones. Tim means 
that you were guessing. If, on the other hand, you have a good strat- 
egy you will get good overall scores." After students played the game 
for a few times, teachers would then tell students: "An average tells 
you how good your overall score is and, therefore, how good your 
strategy is." Teachers would then quickly show students how to calcu- 
late an average, and have students go back to playing the game. 
Thereafter, the teacher would discuss with students whether their 
averages were improving, and what strategies they were using to get 
better averages. 

Tying the concept of average to an interesting problem-solving activity 
using software intended to "teach" something else produces greater under- 
standing and retention with just a small amount of discussion than continued 
CAI practice witli software explicidy intended to teach the concept of average. 
In addition, as students read clues and talk about their strategies, they are prac- 
ticing reading comprehension and metacognition, which simultaneously 
develops their reading and thinking skills. Indeed, one of the surpr.^ing 
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findings from the research is that this approach is so powerful that you do not 
need to cover that many objectives in this manner to enhance the learning of 
ail content objectives in the classroom. 

The Importance of the Conversations 

To produce substantial amounts of learning, the invented conversations 
cannot just be talk for the sake of talking, or thinking for the sake of thinking. 
The conversations must consistently model key thinking skills. Information 
processing theory suggests that tl*e following diinking skills be focused on: 

a. Metacognition - Consciously applying strategies to solve problems; 

b. Inference from cratext - Figuring out unknown words and informa- 
tion from the surrounding information; 

c. Decontextualization - Generalizing ideas from one context to 
another, 

d. Inibrmation syndiesis - Combining information from a variety of 
sources and identifying the key pieces of information needed to solve a 
problem. 

While the terminology sounds intimidating, learning dramas turn them 
into fiin for both the students and the teacher. The curriculum develops these 
thinking skills in the following ways: 

Metacognition is taught through asking students what strategy they used 
for solving a problem, how they know the strategy is a good one, what strate- 
gies they found that did not work, how they could tell if a strategy did not 
work, and what a better strategy might be, etc. 

Inference from context is modeled in two ways. The first technique is to 
have students read a computerized twist-a-plot story that combines text with 
graphics and allows students to control the direction of the story. These 
dynamic featxjres increase the students' absorption of what they read on the 
screen, particularly if it is an adventure story that will interest students and 
involve them in the suspense of finding the outcome. Teachers dien heighten 
student involvement by introducing the setting in a dramatic fashion— such as 
warning the students that they will encounter many dangers in the story. The 
dramatic element builds high levels of engagement — a prerequisite for 
thinking. 

The second technique involves words in key places that students do not 
understand. (It does not matter which words, or whether the words are in the 
students' regular curriculum.) Students are told that every time they come to a 
word they do not understand, they should: a) write dowt) the sentence in which 
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ir appears, b) circle the word, and c) call the teacher over and make a guess 
about what the word means. The teacher lists die sentences the students have 
pulled out of the story on the board and asks students to e3q)lain what they 
think the circled words mean &x>m the readings and pictures, and why. Stu- 
dents are also asked to compare their predictions about what twists the story 
will take with what actually happened. 

The conversations begin and student answers are probed. These rich 
conversations model prediction comprehension processes that good readers 
spontaneously engage in, and provide experience in information synthesis and 
metacognition, as well as in inference fix)m context 

The second tediniques can be used aroxmd any piece of software where 
unknown or ambiguous words appear in the instructions. Ti:achers constandy 
ask students to figure out what the unknown words mean and what strategy 
they used for figuring it out. The visual clues make it easier initially for stu- 
dents to build up confidence in their inference skills. Inference dxen becomes a 
normal part of learning how to use any piece of software. 

Decontextualization is also taught in two ways. The first uses words that 
students are familiar with from their everyday experience and has them make 
predictions about hat they are likely to do in the context of a particular pro- 
gram. For example, the graphics program DAZZLE DRAlVhzs a n^enu choice 
called "Flood Fill." Students are asked to predict what will happen if they make 
that choice based on what they know about the word "flood." Students then go 
to the computers to test their predictions ("Flood Fill" fills an area of the 
screen with a chosen color.) 

The second technique involves discussing concepts with several different 
meanings in several different pieces of software. For e^^ple, perspective is dis- 
cussed when flying a hot-air balloon, writing a story, and viewing a given 
situation. Students are asked about how the uses of the concept in die different 
programs are die same and different. 

Information synthesis is done by creating situations where students have 
to use information from a variety of sources, or several different types of 
information, to solve a problem or develop a strategy. For example, in the pro- 
gram Where in the World is Carmen San Diego by Broderbund, students have to 
combine information from an almanac, a dictionary, and the screen to solve a 

Developing Curricular Materials 

Curriculum is developed by taking a piece of software that will be of inter- 
est to students (games and adventure stories are always good), and inventing a 



122 




lechnology in Today's Schools 



series of questions that will provide practice in all of the above and link con- 
cepts to odier pieces of software. In a very popular simulation called Oregon 
Trail, the explicit goal is for students to re*:di Oregon along the Old Oregon 
Trail, which pioneers used to travel from Independence, Missouri to Oregon 
City, Oregon. They have to budget food and supplies appropriately in order to 
make it safely through a variety of problems that die computer throws at them, 
including attacks, bad weather, and floods. 

The learning drama questions discussed by stu'^ents are incidental to the 
goal of reaching Oregon. They are based on words or phrases in the instruc- 
tions. The questions are asked to initiate discussions that provide practice in 
the four key thinking skills. The quality of discussions about the answers to 
these questions is far ^more important to the learning process than the quality 
or successful use of the software. Indeed, the newer, technologically jazzy ver- 
sion of Oregon Trail is not as good for learning dramas as the old, black-and- 
white, classic version.^ It is this focus on discussions around tangential ques- 
tions, which model key diinking processes, that distinguishes learning cbamas 
from conventional CAI. 

While using technology expressly to create a setting around which to 
invent other types of learning seems counter-intuitive, the success of this 
approach h:s been demonstrated by Dr. John Bransford (1989) at Vanderbilt. 
Bransford used laserdisk technology to show a segment of Indiana Jones jump- 
ing across a pit (i.e., to set an interesting visual context that was familiar to 
students), followed by a discussion of the physical forces and mathematics that 
makes such an act possible. He found that using the visual setting provided by 
the technology to set the context for a follow-up discussion was a more effec- 
tive way to teach matii to at-risk students than using only technology or 
one-on-one instruction. 

^plying Dramatic Techniques 

Leammg dramas must, of course, be dramatic. The dramatic element is 
designed to engage and intrigue students. Teachers often wear costumes, tell 
jokes, etc. In addition, much as a good stage diama involves die audience in the 
situation and emotion of the story and characters, learning dramas are created 

^Thc new version of Ortgwi Trad is for more elaborate than the older version. It uses color 
gnphics and provides many more dccision-maldng situations. Unfortunately, its potential for 
meucognition is much less since it takes an hour fo: students to find out if diey have successfully 
reached Oregon as compared to ten minutes in the old version. Since metacognition requires stu- 
dents to speculate about M^ethcr a strategy did or did ^t work in tcnns'of getting to Oregon, the 
new version is of little value. This illustrates how advances in software can in fact be detrimental to 
the development of key thinking activities once those key activities have been identified. 
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to get students emotional about the tasks they are involved in. Such emotion 
deepens the learning process. Eveiy piece of software has unintended uses that 
a clever curriculum develops into dramatic situations. For example^ there is a 
popular program called "Word Master," in which students have to turn a 
pointer to match words on the screen. You have to match words quicldy or you 
lose. There is a word on the bottom that indicates the matching rule (i.e., syn- 
onyms, antonyms). The intended CAI use of the software is a vocabulary 
drill-and-practice program. In the HOTS o?rriculum, this software is used to 
teach the importance of understanding rules and using clues to determine what 
the rules are. The sequence of lessons works as follows: 

On the first day, the teacher sets the program to match antonyms and 
points out the word antonym on the bottom of the screen. The stu- 
dents proceed to play the game and get good scores. The next dzy^ 
the students come in confident that they are going to get very high 
scores. The teacher, however, has switched the computers to want 
synonym matches and does not tell the students. The students go to 
their computers and quickly become dismayed and start to complain 
that the machines are broken. Their natural certainty about how to 
master the environment quickly turns to feelings of outrage that the 
computers are not working. The teacher calmly explains that the com- 
puter is working perfectly, and if they think carefully, the information 
they need is available. When finally convinced that things are not 
going to work, they start to look at the screen carefully and notice 
that the word on the bottom is now "synonym." Students then make 
the adjustment, get good scores, and feel proud of themselves. The 
next day, the teacher engages them in a conversation about the impor- 
tance of words in understanding what the rules are and how 
developing strategies depends on first reading the available informa- 
tion carefully, or in the case of the classroom, listening to the 
information provided by the teacher. This is learning in the context 
of very high drama, widi excitement turning to despair, then once 
again to excitement and joy. 

After that day, the students are unlikely to forget about the importance of 
rules and are attentive dining future discussions about rules. Letting students 
experience, and discover on their own, the importance of concepts in dramatic 
situations is more effective than lecturing. 

Research has demonstrated that interaction about ideas in socially 
meaningful situations is critical to their internalization (Vyrgotsky 1978). 
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Choreographing situations that generate passion about new ways to think 
about ideas leads to powerfid forms of learning. 

Of course, developing a curriculum in which students discover the need 
for a concept and become involved in figuring out how to manipulate it is for 
more diffiodt than simply telling them what to do. la learning dramas, the 
situations nuist be carefully choreographed. 

tinplementing Socratic Dialogue Techniques 

At die heart of learning dramas are the conversations between teacher and 
student and among students. Even the best cxmiculum only provides the poten- 
tial for appropriate forms of conversation to exist While the currictilum 
provides the questions to ininate the conversations, the teacher's follow-up 
questions and reactions are even more critical. Teachers must react to student 
questions and answers in ways that maintain the types of ambiguities, probes, 
and clues that lead students to construct meaning on their own. If teadiers do 
not question or respond to student answers appropriately, the most sophisti- 
cated curriculum and software become rote learning activities. 

The most misunderstood concept about the use of tedmology with at-risk 
students is that producing sophisticated learning is a function of the sophistica- 
tion of conversation that surrounds the use of the tedmology— ^lot the 
sophistication of the technology. That was true of television, it is true of calcu- 
lators and lab experiments (McPartland and Wu 1988), it is true of computers, 
and will be true of the next generation of shiny boxes — no matter how power- 
ful or how many flashing lights they have. 

A major emphasis of learning dramas is training teachers in Socratic 
dialogue techniques. Teachers have to learn how to be a guide rather than a 
provider of information, to listen to student answers in terms of understanding 
(rather than rig^t or wrong answers), and to probe student responses to help 
the students construct their own understanding. 

Becoming skilled in engaging students in Socratic dialogue is not easy, 
even with good curriculum and a good system. Unfortunately, I cannot begin 
to describe in words why it is so difficult to listen for understanding and then 
to spark understanding with follow-up questions. This is the most critical of all 
skills — and the least practiced in American education. It takes a week of prac- 
tice to train even good teachers to start to become Socratic. The training 
techniques used are modelled after how actors and actresses learn to interpret 
their roles. Just as performers learn how to interact dux)u^ practice readtogs, 
teachers spend a week teaching lessons from the HOTS curriculum to each 
other. Over the course of a week, each teacher encounters each of the key 
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dialogue situations many times. At the end of each teadiing there is a debrief- 
ing as to whether the appropriate Socradc strategy was used in each situation, 
lying the learning of the techniques to sped6c experiences is as important for 
teachers as it is for students. 

The practice and feedback gained during training enable teachers to, 
become metacognidve about their teaching; that is, they learn how to exainine 
what they are doing and consciously reflect on the appropriateness of how diey 
handle a given situation. The hardest situation to learn to deal with is when stu- 
dents give logically correct, but unexpected and inconvenient, answers. 
Althou^ good teachers can effectively implement the techniques inunediatetyi 
they report that it takes a year of monitoring themselves before the techniques 
become automada At the same time, student invohrement in learning dramas 
produces widespread learning gains so that it is only necessary to train a core 
group of teachers in the Socradc techniques, a core that will at some point 
reach most students. 

Why Are Learning Dramas So Effective? 

I have suggested that you should spend extra money to buy computers, 
you should spend more money and buy software^ and then you should use 
them in ways that they were not intended to be used. Why go to aU this 
expense when you will sdll have to go to the trouble of ^'nreloping curriculum 
and training teachers in complicated pedagogical techniques? The justificadon 
for this is that the combinadon of curricular techniques and Socradc dialogue 
around technology has been demonstrated to be more effective witfi at-risk stu- 
dents than literal uses of software, or non-technology-based interventions.^ 

The question remains, however, as to why it works so well. Indeed, I was 
initially siuprised that a set of techniques designed to develop thinking skills 
was producing gains on standardized test scores that doubled the national aver- 
age for Chapter 1 students. How could such techniques produce substantial 
gains in content learning without extensive linkage to the curriculum or test? 

After seven years of working with the techniques (there are now close to 
20,000 students in the HOTS program), and talking to teachers and students. 



\^ the report to the National Diffusion Netwox^c» the results showed that HOTS students 
gained almost twice as much in reading and math as the national average for Chapter 1 students. 
Since that study was conducted, a newer version of the tediniques has been developed, and sites are 
reporting gains that exceed those produced in the origlruil study. In addition, when one teacher 
compared the use of the HOTS techniques agunst n commercial CAI drill-and^practice program 
in two of her groups, HOTS students did better in reading and mj>.th on the vendor^ own test 
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the following conclusions have been reached that have general implications for 
curriculum development: 

1 . Learning dramas stimulate complex thinking processes much in the 
same manner as children learn to talk-— by imitating adult actions. Social 
imitation is one of the most powerful forms of leam^g. Students will imitate 
the behaviors and actions of adults if they are consistently modeled in situa- 
tions that the scudeats deem significant By constantly modeling the processes 
that are critical to knowledge transfer and fundamental to content learning, 
learning dramas stimulate imitative behaviors. Indeed, some teachers report 
that students even imitate their hand gestures. 

leaching thinking strategies will not vroik because they will be viewed in 
isolation as all the othei content is. Rather, the act of thinking iu a certain way 
must be experienced sufficiently in social situations of interest to the student 
that it becomes acculturated. 

2. There does not appear to be a need to build extensive content objec- 
tives into the learning drama curriculum or to use integration or scope-and- 
sequence techniques. Providing extensive eiq>erience in applying some objec- 
tives in more sophisticated ways enables students to learn die other content 
objectives of the classroom far more effectively the first time rfiey are taught. 
Once students understand what it means to link ideas, they seem to spontane- 
ously construct the types of understandings that enable them to learn all 
content better. 

3. Learning dramas simultaneously generate multiple types of learning. 

4. Learning dramas need to be maintained over time in order for students 
to internalize the key thinking skills. TTie best approach with at-risk students in 
grades 4-7 seems to be to provide learning dramas in self-contained settings, 35 
minutes a day for 2 years. Thereafter, students are able to benefit fi:om learning 
dramas built into content learning, and will benefit more fix)m traditional cur- 
ricular and CAI techniques. In odier words, learning dramas enable students to 
eventually benefit fi*om odier good auricular approaches. 

The learning drama curricular approach is very flexible but requires high 
levels of discipline and creathdty. It can be adapted to meet many needs and 
incorporate new techniques. The HOTS curriculum designed for Chapter 1 
students is also effective widi gifted students — albtit at earlier grade levels. 

Learning dramas can also be used to construct content courses and 
thereby develop thinldng-in-content skills. The HOTS project is currently 
developing a two-year thinking-in-mathematics course for the middle school. 
The goal is to extend the learning drama approach to the learning of tradi- 
tional madiematics objectives. The course wiU iise a completely different 
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approach to mathematics, and will seek to increase content learning through ^ 
problem solving. All activities will involve the four key diinldng skills* In addi- 
tion, all the activities will be organized around 4-10 key mathematical themes^ 
such as proportional reasoning. 

The HOTS project is also developing new software that eriables students 
to create their own math problems if they are able to oi^anize the language 
needed to express them. This will allow mathematical understanding to be 
derived from language comprehension. 

The first year of the planned curriculum should be available for the GS by 
7/91, and for and Macintosh by 7/92. Schools can also extend learning 
dramas to other grade levels or content areas on their own. Specific curricu- 
lums and interaction procedures must be developed and learned. Developing 
original learning dra..:as requires: a) a team of individuals to select the key 
thinking activities that are to be modeled, b) selecting software to be used, and 
c) writing the key questions that are to be used on a daily basis over a 1-2 year 
period to model the key thinking activities. A detailed guide is available to help 
districts with this process (Pogrow 1990b). 

Why not Use Books Instead of Computers? 

If the heart of learning dramas is Socratic dialogue that models key think- 
ing processes, why use expensive technology? 

Good teachers have used Socratic techniques with books for several 
thousand years. While books will continue to be the fundamental learning tool^ 
computers offer several potential advantages as a setting for Socratic conversa- 
tions — particularly for at-risk students without extensive problem-solving 
experience. In addition to the motivational effects, computers provide: a) a way 
of mixing different learning modalities together and providing students with 
the flexibility to draw upon whichever modality, be it graphic, tactile, or aural, 
they initially loel comfortable with, b) a dynamic way for students to test ideas 
at the speed at which they can think of them, with immediate feedback, c) feed- 
back with interpretation critical to understanding the correctness of answers 
and strategies, and d) a prime environment where students uncertain of their 
abilities can first test their ideas before having to discuss them publicly. These 
advantages, however, are only a potential. They require state-of-the-art curricu- 
lums and conversation techniques. The ultimate goal of learning dramas is to 
develop a student who loves to read and discuss books. 




Tcdmology in Today's Schook 



Criticisms of the Learning Drama Approach 

The biggest critics of these techniques a ^ technology advocates. Many 
leaders of the technology movement have ; tdcted to the findings of effective- 
ness by accusing HOTS of not being a technology program since it emphasizes 
other instructional and curricular techniques. The work is also criddzed be- 
cause of uncertainty about what proportion of the gain is being cai!5ed by the 
computer. Radier than celebrating the feet that students are learning, the tech- 
nology advocates worry that if educators find out that the technology does not 
produce learning by itself, and/or that die sophistication of convereat?on is die 
key, educators will not use technology. Researchers keep trying to show that 
computers can produce learning by themselves. Unfortunately, this leads to 
simplistic patterns of use that cannot possibly enhance learning in most stu- 
dents (Pogrow 1988b). 

Response to Criticisms 

I do not know to what eiitent the technology is responsible for die learn- 
ing gains reported in die KOTS program. What I do know is diat die 
combination of techniques produces high levels of learning in at-risk students. 
Producing learning in at-risk students requires far more sophisticated under- ^ 
standing of die nature and cause of the learning problem— regardless of 
whedier or not computers are used. The problem is so complex that no simple 
conception, or direct use of technology, will solve it. Lejuning dramas is but 
one approach. The bottom line is that if we can develop techniques that work, 
educators will adopt them even if we cannot prove that the technology is doing 
it 

Summary 

The obvious v/ay to use technology with at-risk students is not the best 
way! This means that there is an opportumty and need to develop new and 
more creative forms of curriculum. Producing sophisticated learning requires 
sophisticated interventions. We have to stop viewing technology as machines, 
and teacher training as learning how to use them. These are powerful poten- 
tials that require more, not less, sophisticated curriculum and pedag^ >gy. 
Curriculum specialists must stop deferring to technologists, and technologists 
must stop viewing diemselves as specialists while paying only lip service to the 
process of pedagogy and learning outcomes. We must all, in short, combine 
our points of view if we are to best apply the power of technology, new theories 
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of cognition, and learning traditions kom odier disciplines, cultures, and art 
forms. And we must recognize that a roundabout but sophisticated approadi to 
using technology may improve the learning of at-nsk students much more than 
direct routes. 

Coming Attractions from the HOTS Project 

Self Training Videota^pcs 

Videotapes will be available by 10/90 to provide trainiiig in the curriculiun 
development and teacher training techniques used in HOTS. The teaching vid- 
eotapes are intended for eirfier classroom teadbers or computer teachers who 
will be using the curriculum on an occasional basis wth their students. 'Those 
using HOTS to produce gains in gifted, Chapter 1, or learning disabled sm- 
dents should still go through a regular training session and not rely on the 
videotapes. 

Middle School Mathematics Course 

An extension of HOTS techniques to a two-year mathematics course for 
middle school students, this course will combine computers and Socratic dia- 
logue to teach middle school math objectives. In addition, a new type of math 
software will be developed for the course. The coiu^ will take a unique ap- 
proach to teacliing mathematics. Projected availability date, 9/91. 
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T 

X hat we are in the midst of a technological 
revolution is apparent even to those of us who never go to the moon, or 
bounce sound satellites, or design microchips smaller than fingernails. The 
20th century has brought a series of technological advances that have revolu- 
tionized how we live. The changes and benefits of the new technologies are 
conspicuous in eveiy aspect of our lives. Televisions, telephones, computers, 
and the interface among them are rapidly expanding our ability to process large 
quantiti* 3 of information, to communicate with one another more directly, to 
do hard labor more easily, and to challenge ourselves with a greater variety of 
problems. 

The new wave of technology has created a large demand for workers who 
are able to use the tools being developed and to develop new ones. This de- 
mand is expected to swell as the newly created tools themselves become sources 
of new knowledge. Scientific and technical competence is essential to American 
competitiveness in worldwide economic and political arenas. And because com- 
puters are the cornerstones for technological advancement, schools have the 
responsibility to prepare children to use them. 

At present, schools are iailing to produce the scientists and technicians 
who will carry the United States into the 21st century. American children lag 
behind children from China, Japan, and many European countries in mathe- 
matics test scores. The National Assessment of Educational Progress (NAEP) 
reported recently that more than half the nation's 17-year-olds are inadequately 
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prepared for jobs that require technical skills, or for matriculation in coU^* 
level science courses* The NEAP report suggests that the pedagogy of early 
childhood programs may be responsible, in part^ for diis poor performance 
(ASCD 1988). Stigler (1988) noted that Japanese superiority over American 
children in mathematics is real, large, broad, and appears early. How can 
American sdiools better prepare children to be competitive in die technology 
race ahead? Firsts schools must recognize diat all chUdren must be knowledge- 
able on all £icets of madi and science and their applications. Shamos (1988) 
pointed out the impossibility of training all children to the hi^est levels of 
science achievement, much less to the highest level in all the disciplines dut 
underiie modem technology. He wrote diat sdiools should build for die foture 
by develq)ing an appreciation for science in dieir students* He agrees with 
others who contend that students do not stady science because it is usefol, but 
rather because it brings diem pleasure. 

The goal of technology education should be to motivate diildren to enjoy 
tfieir studies a* well as to be skillfol at them, thereby ensiuing that they will 
want to use dieir skills for amusement and fun as well as to pass tests. To blend 
competency with interest, basic skills widi creativity, and hard work with joy is 
a challenge not just for colleges and universities, not just for middle schools 
and high schools, but for eariy childhood educators as well. 

Second, schools must recognize that technology is not an unmitigated 
blessing and be aware of potential dangers. At best, technology creates tools 
tfiat can be used in creative ways, augmenting the capabilities of the user. The 
benefit lies in how die tool is used. The importance of the telephone is not in 
its capacity to send and receive ^ssages, but in die value of die communica- 
tion between participants. Th iportance of computers and word processing 
programs is in its capacity to encode personal thoughts. There is a real danger 
that as technological tools become more sophisticated they may usurp human 
creativity, replacing it with a bland diet of pre-<programmed accomplishments. 
A computer program that structures children's writing so there is litde room 
for their personal meaning is a threat not an asse:, even if the product is gram- 
matically correct. Young children must be encouraged to think of technology 
as a tool t^ tan guide and direct according to their own mterests. 

The Current Status of Technology Education in Schools 

The first round of applications of computer technology in schools has 
been mcredibly sterile . Most have focused on computer-assisted instruction 
(CAI), an instructional strategy th^i. ucc^ a computer in place of paper and 
pencil. Hence die term electronic work slieet has been applied to these 



applications. Solomon and Gardner (1986) suggested that educators ^o use 
computers in this way seem to expea the computer to have a magical 
enhancem^iit quality that adds ""something" extra to traditional methods. 
According to Solomon and Gardner, however, *When eveiyihing else is indeed 
hdd constant, save the medium, not much of an efiect can be observed*'* 

So what do children learn when we put woric sheets on compoter$? At best 
they may learn diat technology promotes the same old rote learning, but inside 
a box instead of on a piece of paper, a bladcboard, or a slate* At worst, children 
may learn that working with computers is dull and uninteresting* In either case 
they get no idea of the tremendoiis potential of Ais new tool for solving per- 
sonally interesting problems. 

There are, indeed, many useful applications for computers. Open ended 
programs such as simulations, graphics, and micro-worlds can encourage new 
vistas for children (Clements 1987). Through sudi a|^licatk)ns, ccHnputers 
offer new ways to teach old lessons and encourage children to find new ways of 
thinking about old problems. Throu^ the use of technology, traditiona] know- 
ledge and skills can be presented in radically different ways, thus deepening 
and expanding traditional curriculums. Children using PC Logo, for instance, 
can come to grips with some powerful mathematical ideas in new and difierent 
ways(Papert 1980). 

Greta Fein (1987) gives a cogent example when she describes the awe and 
wonder of a group of five-year-old children who typed s-h-i-t into the com- 
puter and were able to display it in lower case as well as upper case ( Fein tells 
us that the effect was electrifying as the children "discovered a basic ortho- 
graphic principle: case does net cliange the sound or meaning of words.** She 
adds, "This discovery put them a year ahead of the formal curricultim,'' 

Technology also makes it possible for pe<^le to change how they think 
about problems. Lawler (1985) commented, "The mind generates new prob- 
lems for itself" Technology also generates new problems for the mind. 
Computers, li^ the printing press, are revolutionizing how people think about 
the world. They offer new and different .ways to represent ideas, a different 
kind of symbol system, a different way to conceptualize and manipulate data. 
And like print, this new way to repi*esent thought has the potential to signifi- 
cantly alter our capacity to solve problems. For instance, graphic 
representations can be created and altered by pressing a key, thus providing 
rapid changes of perspective, without having to move ftx>m one's chain Prob- 
lem simulations allow the computer user to try out many different possible 
solutions, again, without leaving the keyboard or the mouse. 

The depth and extensiveness of the computer as a tool is just being 
explored and we have litde idea of its future uses. Schools for the most part 
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continue to think of the content of Aeir curriculums as if it is carved in stone. 
Most schools rejnain focused on traditional content, radier than on how to 
prepare children to think differently. For instance, in many early childhood 
programs, children are drilled on number facts without drawing on their intu- 
idve problem^solving capabilides by using manipuladves and language (Kamii 
and DeClark 1984). Sudi programs have stressed teaching cMdren madie- 
matics by rote, rather than helping them see how numbers are useful in daily 
problem solving. Emphasis on memorizadon and discrete skills learned out of 
context inevitably plays a role in convincing children diat their ability to reason 
has no place in madiemadcs, a lesson likely to impede their study of science 
and teduiology. 

Technology Education For Young Children: 
Learning Complex Skills 

What technologically relevant information and skills can young children 
learn by using computers? Can we use the knowledge of how children learn 
other complex skills, such as print literacy, to guide technology curriculum? 
This was done in a project conducted by myself and my colleague, Jill Bradley, 
at Olive Harvey Community College Child Development Center in Chicago. 
The purpose of this project was to give four- and five-year-old children from a 
poor community in Chicago an opportunity to use computers, an experience 
most of them were unlikely to have at home. 

Two Apple HE computers were available to the children during their free 
play periods and could be used to make graphics, play games, or just explore. 
The purpose of providing computei experience was not to teach children to 
program computers, but to introduce them to a new world of technology. No 
didactic lesson^ were given. Children learned the computers' attributes from 
interacting with them. Children's questions were answered when possible and 
when not, the children were encouraged to try dieir ideas and to see what 
would happen. 

The goal of the project was to help children develop an overview for 
understanding computers and othei technological tools. When children 
acquire complex skills, they need both an overview of the acthdty and the dis- 
crete bits and pieces of the structure of the activity. Thus, infants understand 
the purpose of communication and they learn to speak individual words. Chil- 
dren understand die purposes of reading and writing and they learn decoding 
and encoding skills. Embedded in the overview are many different contexts 
that give meaning to social behaviors, cognitive tasks, self and odier percep- 
tions, physical skills, and emotional states. The context directs children's 
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attention to the relevant things to be learned and provides meaning for the 
separate skills and knowledge involved. 

Young children learn through play. In play children project themselves 
into controlhng roles so that they are the doers and the users of society^ ard- 
facts. This is what we see when children pretend to keep house, or be a doctor, 
or drive a car. Th ir imderstanding of mothering is displayed in rocking the 
baby, their understanding of doctoring is represented by carrying a special ba^ 
or wearing a stethoscope, and their grasp of truck driving is displayed by honk- 
ing a pretend horn. It is through acting as if, playing as if, tiiat children come 
to define themsehres in relation to activities and other people* Projection of self 
into social roles opens up new vistas of understanding of die acthdty itself. By 
imitating what they have observed, children begin to imderstand the activity 
better. 

Young children go through several stages when learning complex skills. 
First, they lean, by observing and imitating what they consider to be die rele- 
vant aspects of an activity, usually the concrete and percepD'al aspects of the 
task being performed. During this phase their overview is limited to the con- 
crete and perceptual aspects of the task. The children in the computer project 
repeatedly gave us evidence in their play of how they took half-understood 
facts and relationships, and by playing with them, understood diem better. For 
example, during fantasy play, one child refused another child^ request saying, 
"I can't do it, the computer is down." 

Children also must learn social roles. Many children in tne Olive Harvey 
Center did not regularly see adults engaged in technological activities or were 
imaware of what die adult was doing when engaged with computers and calcu- 
lators. Therefore, die children were taken on field trips to observe advits using 
technology. Trips to offices, grocery stores, and computer labs gave them valu- 
able insij^t into adult roles and behavior. The children were also permitted to 
use computers, tape recorders, and calculators. By imitating their adult modek, 
they gained additional knowledge about the attributes of the technology and 
the behavior of those who use it. 

Gradually, as children enlarge their imderstanding they can perform parts 
of a complex skill or activity. While children may not fully understand why 
they do what they do, often they can become quite skilled. By the age of fbur, 
many children can turn on and tune television sets, dial grandmother on the 
phone, and read fast-food signs. They can do all these things without imder- 
standing the electronics that control televisions and telephones, or the symbol 
system that controls written language. They begin to attend to the internal 
structure of how things work and ask questions about it 
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CMdren in the Child Development Program learned to use computers in 
this way. They turned them on, loaded the disk, and touched keys in crier to 
adiieve some end like getting letters on the screen or changing its colors. 
This was the time when a variety of pn^rams were useful: games, palettes, and 
graphics. The children were unafraid and willing e}q>erimenters and learned 
about computers from their playful interaction with tbem. 

A few of the diildren succeeded in "breaking the ctxle" and were able to 
program the computer from some logical understanding rather than through a 
learned series of steps. This is comparable to the stage in reading and writing 
when children sound out words and invent spellings. The children understand 
not only what the end product will look like, but Imow how to get there. 

There are two major skills required for children to break the code of com- 
puters. They must be able to conceptualize a problem in a particular way and 
direct the computer so that it accomplishes their plan. Our children did not 
became very proficient at programming, even using a simplified graphics pro- 
gram. They did understand, however, that letters and numbers were necessary 
ingredients to the process and would "pretend" to make graphic figures by al- 
ternately pressing letter and number keys. By age seven, a few children could 
program by themselves in Logo and create a predetermined graphic. All of the 
children, however, had a clear belief that they would "someday^ be computer 
experts, able to make the computer do their bidding. One fi^uently heard 
chant was, "the computer is a dumb animal and you have to tell it what to do.** 
This slogan reflected an attitude about their relationship to computers we 
hoped would endure. 

The similarities between how children played with computers and how 
they pretended to read and write were unequivocal and counsel against didactic 
teaching of an array of computer subskills. Thi"ough playful interaction, chil- 
dren can gain considerable understanding of the a)mplex social and symbolic 
skills intrinsic to technology. 

Teacher Atdtiides 

Guiding young ciiilJren in interactions with techn-jlogical tools and 
encouniging constructive play with them is not an easy task. It places a heavy 
responsibility on teachers. Many early childhood teachers are not confident in 
their own ability to do mathematics and science. They are unclear about how 
such knowledge develops in children, and have conservative expectations for 
children's performance. Most early childhood teachers do not have a k)t of 
knowledge about or experience with computers^ Modems, bauds, and ikons are 
well outside their range of knowledge. 
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Some preschool and primary teachers even question the appropriateness 
of early emphasis on computers. CuflGiro (1984) makes a powerfiil case for giv- 
ing top priority to the traditional materials and equipment of early childhood 
education — blocks, paints and crayons, dress-up dothes, and story books. It is 
not necessary, however, to deny the importance of these activities in order to 
recommend a focus on technology. In foct, many of these activities are easily 
combined with a technology curriculum. Exposure to technology need not be 
more taxing to young minds than exposure to books and dictation, and the 
methods for teaching can be similar (Lawler 1985). 

Objectives For Early Childhood Computer Education 

Observations of the computer project at the Olive Harvey Child 
Development Center led to the formulation of sk objectives for the tech- 
nological education of young children. First, children should learn that people 
control technology. To most adults this seems obvious. But for young children, 
it is not so dear. Do people control thunder? The sun? Electric lights? The 
toilet flush? These are salient issues for young children. Toddlers enjoy turning 
lights on and off and flushing the toilet, repeatedly demonstrating their control 
over these objects. Young children can learn to operate complex tools such as 
record players, televisions, tape recorders, and computers. With help and super- 
vision, they can learn to turn them on and off, and select the programs that 
interest them. 

Children should ako learn that people actually produce the programs and 
records and tapes that they see and hear just as they produce books. We help 
children learn about book by encouraging them to handle them and to listen 
to stories, and to write their own stories to share with family and friends* ITiey 
learn to take ideas from others and to encode their ideas to give to others. In 
the same way, we need to let children use technology to get ideas fit)m others 
and to produce content for others. Graphics programs, micro-worlds, and 
computer painting are just a few examples of how young children can create 
personally interesting effects and problems using computer technology. 
Children can even participate in making audio- and video-tapes of their drama- 
tizations, music, and reading in order to learn about this aspect of technology. 
Children can learn to be makers as well as users. 

The second objective is for children tr \&\m that there are different forms 
of technology. Just as children learn the various forms of written language — 
stories, poems, and nonfiction— children can learn the different forms of 
technology — calculators, telephones, tape recorders, and more. They need to 
know what these tools are good for, when and how. For instance, computers 
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can be used to spill out what diey have in tliem, or as containers to hold one's 
thoughts and ideas. Grocery clerks use computers in one way, secretaries in an- 
other, and writers in yet another. Telephones can be used to call across the hall, 
across town, or across the world. Different ways of using technology are avail- 
able for children to observe if alert adults provide the opportunity. 

The third objective is for diildren to learn that tedmology has rules that 
control how it works. While young children may not be able to fully under- 
stand the rules that govern the various technologies, they can begin to 
understand that there are rules. Just as young children grasp that dustering 
letters into units is a significant aspect of reading without being able to read, 
they can also understand that typing letters and niunbers and moving the 
mouse are significant aspects of computer use. All young childien can grasp the 
notion that there are procedures that must be learned and skills that must be 
mastered if a technological tool is to be controlled. Connecting wires for buzz- 
ers and bells, putting batteries in flashlights, and using joysticks to control 
robots helps diildren understand the importance of these rules, if adults set up 
situations that call them to the children's attention. Solomon and Gardner 
(1986) point out that children can play with LOGO and never attend to the 
powerful ideas if adults do not help them see its possibilities. 

The fourth objective is for children to begin learning the language of tech- 
nology. Children can learn the technical language that we use when we talk 
about computers, such as "load the disk" and "attach the modem." We have 
good reason to suppose that the years between four and eight are exceptionally 
good times to expose children to language learning. It is a time of rapid vocabu- 
lary acquisition, particularly when chi' iren have concrete experiences with the 
actions or processes being discussc^d. It is a time of intuitive rule making based 
on the child's interactions and understanding. Children will learn best how to 
talk about computers if they talk about them in context with adults in person- 
ally meaningful exchanges. 

The fifth objective is for children to learn about the symbol system that 
underlies computers and permits them to engage the machine's potential. For 
instance, D IS tells you ir is listening with an "A" prompt, Basic widi OK; the 
Mac has Ikons, and Ix)go has a turtle. Each one uses a different symbol for die 
same operation. These differences sometimes frustrate adults, but children 
adapt easily. 

One iuay wonder whether a new symbol system for thinking should be in- 
troduced before the other two, language and print, are fully mastered. Despite 
the lack of hard evidence, I believe it can be beneficial. Playing with computers 
may actually support and speed up children's understanding of odier forms of 
communication. For example, as children work with print, they deepen thdr 
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understanding of language. Siniilarly, as children work with computers, they 
may deepen dieri understanding of the relationship betr/een print, language, 
and computers. 

The final objecdve is for children to begin to think about sequential prob* 
lem-solving strategies. The core of learning about computers is to be able io . 
engage the power to solve problems. Telling the computer whzt to^o is iMUti6t^ 
ularly difficult for young children y^o can do things then*selvcs but catmpit J 
explain clearly how diey did it Metacognition, or thmldng about tfainlong, is to 
some extent a maturation-driven accomplishment but ohilcben can be helped 
to develop this sldll by reflecting on their actions. Making flowdiarts and 
matrix boards, writing and enacting stories, and planning and reviewing free- 
choice activities are all ways for children to learn the importance of thinking 
abcat thinking. 

•k it it 



Technology is a tool. What we do with it, what pmposes it serves, and 
how society handles the problems and resources that tedmology makes possi- 
ble are decisions made by people — by us — and not determined by some 
inherent property of the technology itself. Solomon and Gardner (1986) wrote 
that "computers do not affect learners in any direct way, it is the way they are 
used that is crucial." 

Early childhood is the time to begin thinking about and plaiuung lor 
children's technological education. It is the time to help children see them- 
selves as participants in the technological revolution, as creative users of die 
tools of the 2 1st century. It is a time for children to learn through playful exper- 
imentation and real-life feedback, rather than through formal I^sons. Probably 
the greatest limitation to technological advancement is the notion diat there is 
one ri^t way or one right answer to problems. To look for new ways of solving 
old problems, and to look for new problems to solve, are the attributes most 
likely to bear fruit for the children in the future. Teachers need to build oppor- 
timities into the curriculum for children to think creatively — even if the answer 
turns out to be wrong. Children need opportunities to think collaboratively 
because seeing another person's perspective may p\ish them to higher levels of 
performance. 

Finally, early childhood teachers need to awaken children's interest in 
technology through their own interest and skill. Teachers need to educate 
themselves about technology, and about math and science, if they, in turn, are 
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^ to educate young chUdren. And this will mean joining the technological 
revolution. 
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. II citizens need some understanding of 
computers to develop the intellectual skills now being influenced by computer 
use and to perform well in the increasing niunber of careers that depend on 
computing (Clarke 1986). Half of the working people in the United States are 
women, yet girls in school today generally do not believe computers will be 
useful to them, do not expect to like computing, and see the use of computers 
as a male-oriented activity (Hess and Miura 1984, Kreinberg and Stage 1983, 
U.S. Dept. of Labor 1983). Schools must play an active part in changing these 
perceptions. 

In one study of school-based computer learning, girls who took a required 
computer course held even more negative feelings toward computers upon 
completing the course than did girls who had not taken the course. Boys who 
completed the same course were significantly more positive in their attitudes 
toward computers than were boys who had not taken the course (Collis 1986). 
Educators must develop coiu^es to maxinize computer experience for g^ls, 
develop prls* awareness of the need foi computing skills, highli^t the contri- 
butions of women to computing, and present opportunities for girls to learn 
through dieir strengths. These experiences should extend to mathematics and 
science, where females are also underrepresented. 
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Administrators, teachers, and other curriculum developers must find 
^ ways to design courses diat will provide positive experiences for students who 
may not otherwise learn to use computers effectively. If girls depend on schools 
for such experiences, we must ensure that sdiool courses are hi^y motivating. 
Girls can learn and will need this powerful new technology. 



Inservice for Curriculum Developei^ 

EQUALS in Computer Techiiology (EQTEC) is a 30-hour inservice pro- 
gram for administrators, teachers, and other K-12 curriculum developers who 
are concerned about equitable computer education in the schools. It is specific- 
ally designed to help educators plan curriculum and instruction to intervene in 
the pattern of computer avoidance by females and underrepresented minority 
students. EQUALS has served more than 10,000 C^fomia educators and 
6,000 educators in 34 other states since its inception in 1977. EQUALS' mathe- 
matics workshops provide strategies and materials that encourage all students, 
particularly females and underrepresented minorities, to recognize the value of 
mathematics, enjoy the study, persist when the going gets hard, and continue in 
math-based fields. 

Computers were always part of the EQUALS mathematics workshops, 
but participants requested a much more comprehensive course, with strategies 
for equitable computer use in all subjects. They were finding many of the same 
pressures against girls' computer participation in their schools as they had en- 
countered in mathematics education. In addition, they were concerned that, 
without intensive staff development, the knowledgeable teachers in educatiopal 
comprting would be almost exclusively male, and thus the schools themselves 
would perpetuate die impression that computing is a male field. 

Therefore, EQTEC focuses on the de\'elopment of awareness, compe- 
tence, and motivation through activities that are valuable to administrators and 
teachers and can become part of the regular classroom curriculums for students. 
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A First Requisite for Change 

Awareness is a first requisite for change and is^ therefore, an iniportant 
strand dirou^out EQTEC training.^ Activities dwt help create awareness in*, 
elude ''Startling Statements,** classroom research, software evaluation^ logistics, 
strategies, historical landmarks, computers in careers, and role models* 

Starding Statements 

In ''Startling Statements,'' participants e}q)lore the answers to such ques- 
tions as: 

Q: What percentage of home computer users are male? 
A: 90 percent (Scientific Manpower Commission 1984) 

Q: What percentage of BYTE Magazine subscribers are female? 
A: 5 percent (BYTE Editorial Study) 

Q: Women are 4 percent of all electrical and electronic engineers; what 
percent are diey of the computer data entry operators? 
A: 92 percent (Strober and Arnold 1984) 

What becomes clear from the "Startling Statements** activity is that 
women are not participating in the computer revolution. Recognizing this, edu- 
cators become more likely to plan curriculums aimed at motivating girls to use 
and enjoy computers. 

Informal Classroom Research 

What do individual students expect for themselves in the foture? Girls 
feel, in gr neral, that women are competent with computers, but that they, as 
individuals, are not (Chen 1986, Collis 1986). To assess attitudes toward com- 
puters by individual students, EQTEC educators ask students to write essays 
explaining how ^ey will use their computers at age 30. Analysis of the answers 
provides great insight into smdent expectations. Although neitiier sex makes 
much mention of computers in the workplace, boys expect to use computers 
for games and finances, while girls want computers to give them money and do 
the housewoik (Kreinbcrg et al. 1983). 

When high school computer courses are optional, boys tend to take 
advanced programming and machine language, whereas girls take data process- 



The off-line activities described in this article have been published in Cff and Rurmtig. 
(1986). Tun Ericbon. Berkeley, Calif.: Lawrence Hall of Science. 
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ing (California State Department of Education 1984)* Students taking ad- 
vanced placement examinations in computer science are 8S percent irudc, and 
their scores are considerably higher than those of giris who take die exams 
(3*07 and 2.36, respectively; College Entn-nce Examinations Board 1985)* Edu- 
cators in the EQTCC workshops compare these facts with their ciq>eriences by 
actually counting die number of boys and girls in elective computer classes in 
their schools and districts. 

This informal classroom research has proved valuable in inservice training 
m three ways. First, the results are usually surprising to the teacher-researcher, 
bringing increased awareness of students* attitudes and actions and leading to 
increased commitment to effecting change. Second, the results are discussed 
with the students, giving them an opportunity to consider die implications of 
the findmgs. Third, the results can be combined with statewide or nationwide 
resiJts to give a general picture to the local community of the problem at hand 
and to encourage progress toward a solution. Teachers have responded posi- 
threly to the chance vo do research related to theu* teaching (Kreinberg 1980, 
Lortie 1986). 

Software Evaluation 

Software evaluation for classroom use is an important and demanding task 
faced by conscientious curriculimi developers. The teacher can make the com- 
puter a powerful tool for learning in almost any subject, but the software 
choices are many and difficult. Too often, advantaged white malts are encour- 
aged to use the computer for problem solving and programming, while females 
and some minorities are relegated to drill and practice. Even the drill-and-prac- 
tice activities frequendy have "male" tides and feature violent payofEs for 
correct answers (e.g., on-screen "explosions"). In evaluating programs, educa- 
tors need to screen for bias, violence, ana excessively aggressive competition. 

Programs should be cliosen to appeal to a wide variety of students, girls as 
well as boys, average students as well as high achievers, minorities, and those 
not only motivated by graphics and music but who prefer science and mathe- 
matics as well. Utility programs such as spreadsheets, database management 
programs, and word-processing programs can become dynamic means of pre- 
senting content Consideration of all these issues, as weil as the use of 
checklists that emphasize these points, help EQTEC participants sharpen their 
skills in the area of software review. 
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Logistics and Strategies for Equitable Computer Use 

Careful planning for full and equitable use of the available equipment will 
benefit girls more than boys for the following reasons: giris ej^rience fewer 
opportunities to use computers outside of schools (Clark 1986, Hess andMiura 
1985, Miura 1986); when computers are scarce, boys are likely to claim most of 
the time (Firkin 1984); and girls are likely to self-select out of computing 
(Clark 1986). Awareness of these facts and plans for creating more opportuni-* 
ties for girls are addressed in EQTEC through disciission af logistics and 
strategies. 

In talking with teachers and administrators, we have found that nearly 
every school has a different policy on computer u^e and ne^rlv every computer 
set-up is different, whether in terms of the amount and quality of hardware 
available or the location of the computers in relation to die classroom. 

Given a certain configuration, how can equitable computer access be 
assured? EQTEC participants identify the configurations with which they are 
most likely to be faced: one or a few computers in a classroom, computers in a 
media center, computers on portable carts, or computers in a lab. Participants 
examine suggestions for changes »nade by other educators, brainstorm possible 
additions to the list, try the strategies in classrooms, and revise in light of what 
they learn. 

Careers, Historical Landmarks, and Role Models 

"Careers" and "Historical Landmarks" are activities that highlight the 
widespread use of computers in the workplace and the contributions of women 
such as Grace Hopper and Ada Lovelace to the history of computing. In "Role 
Models," women and minorities from industry and commerce are invited to 
talk about their work and the use they make of computers. Themes tend to 
emerge and be repeated, as illustrated by the following quotes: 

If I had to choose one overall skill that is essential in my work, it 
would be problem solving. I am constantly drawing on my knowledge and 
experience to solve new and unexpected problems. 
— Engineer Srom Ford Aerospace and Communications 

I wouldn't think of wasting my company's time trying to solve a prob- 
lem by myself when I knew there was someone else in the company who 
coidd help me. 

— Engineer from Bechtel Corporation 
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Partidpants discover the impact of such statements and invite role models 
to their schools to speak with students. In classroom discussions, the speakers 
I frequently stress the iniportance of problem solving and cooperation. 

Competence in Using Computers is Essential for Educ&tors 

Competence in u^ng computers as tools for problem solving is essential 
for educators in many ways. The competent teacher becomes a positive role 
model for students. Even more important, competence gives the teacher the 
courage to allow all students to take turns in moving and setting up equipment, 
trying out new programs, and solving problems* The teadier \dio feels uncer- 
tainty about fixing the equipment or debu^ng die program is likely to depend 
entirely on the most knowledgeable students — usually males— for providing 
them with increased experience, denying opportunities tc those who could 
benefit most. 

Knowledge of the thinking and analytical skills essential to undet^tanding 
computers enables the cxuriculum developer to design, modify, and use on-line 
and off-line computer activities to clarify difficult concepts. These activities are 
particularly needed by students who have not used computers extensively out- 
side of school. The variety of programs in such an integrated curriculum 
involves several disciplines and, thus, appeals to the interests of both girls and 
boys. 

Computer Language and Confidence 

LOGO is our example language in EQTEC. It is easy to access, can be 
used in a variety of ways, and is perhaps the most powerfid and flexible lan- 
guage presently available for a microcomputer. Participants use LOGO to 
design an alphabet and to construct "Spiro laterals,** combining art, language, 
and mathematics in highfy motivating lessons that can be used in a variety of 
ways within die school setting. It is not possible, or even desirable, to teach an 
in-depth LOGO course during a 30-hour computer equity workshop. How- 
ever, participants are made aware of the resources, both print and course work, 
and may continue to develop their knowledge of the language. 

Activities that EQTEC has found effective for building competence and 
confidence include "Limerick Machines,** "Hardware Survival SldUs,** and 
plenty of hrmds-on microcomputer time. Analytical and thinkiilg skills impor- 
tant for programming are addressed in "Robots,** **Flipbooks,'' **Bubblesort,** 
"Max/Mm,** and "Cooperative Logic.** Certain LOGO activities are chosen 
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because they require problem solving, are interactive with other students as 
well as the computer, and transfer easily to other disciplines. 

Limerick Machines and Hardware Survival Skills 

Too often girls atrribuce "tailure" to their own inadequacy (Fennema and 
Sherman 1978) rather thin recognizing the difficulty as an opportunity to **fix 
things** and learn. But working with a computer can encourage students in 
another direction. Students discover that things tiiat do not work can be fixed; 
they look on the results of thinking as results tiiat can be changed or fixed by 
different thinking; and they recognize that a mistake, rather than being a 
macro-event, is essential to the process of solving a problem (Papert 1980). 

"Limerick Madhines" Is an off-line activity tiiat can be used in the curriai- 
lum to develop diagnostic skills — ^the ability to observe a difficulty, figure out 
what is going on, and reason out a way of fixing it, or perhaps declare it unfix- 
able for specific reasons. Practice in fixing the "broken" Limerick Madiine, 
combined with fixing computer equipment and debugging LOGO programs, 
pro ddes insight into the skills of diagnosis. 

Flipbooks, Robots, Cooperative Logic, Bnbblesort, and Max/Min* 

LOGO users can practice making large procedures fix)m sm?il compo- 
nents. This is a powerful idea that can be used in many situations (Papert 
1980). The "Fh/books** activity creates the appearance of moving objects by 
drawing many small components only slighdy difierendy fit)m one another, 
demonstrating that large procedures can be buiit up from small components. 
The activity can be used in the madi curriculum dming a discussion of motion; 
in the art curriculum for animation, the making of motion pictures, and other 
moving graphic representations; and in the language arts curriculum by empha- 
sizing the accomj^anying narrative. Wherever it is used, educators report that 
students of both sexes enjoy the expedience and gain new understandings. 

The LOGO language requires the user to give accurate, imderstandable 
instructions through the use of linear and angular measurement and a limited 
vocabularj*. In preparation for using LOGO, EQTEC uses "Robots,** an activ- 
ity in which students work together to plan ways to direct a "human robot** to 
^erf^rm various tasks. They learn about instructions and conditions. Program- 
ming is limited by the machine being programn.^id, and the "Robot's** activity 
can be extended ro simulate complex problems being solved by complex 
machines. 
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Female students often resj^ond more positively to cooperative approaches 
than to compstidve ones (Gilligan 1982, Shakeshaft 1986). EQTTEC uses many 
cooperative activities, among them, •^Cooperative Logic." In diis activity (Fig- 
ure 17.1), each of six people receh^es a slip of paper with part of the clues to a 
logic problem. The problem can be solved by talking about the information, 
using a pencil and paper or manipulatives, and readmg the cards aloud, but the 
rules preclude showing die piece of papei to another member of the group. 
Each person must be responsible for his or her own part of the problem, and 
the solution cannot be obtained without the cooperation of all. 
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Figure 17.1 



Cooperative Logic: ""Who Has Which Computer Job?"" 



WHO HAS WHICH 
COMPUTERJOB? 

These arc your dues to help sohrc the 
group^ problem. Read them to the 
group, Uit do not show them to any- 
one. 

A computer programmer, a computer 
hardware tngineer, and a technician 
traveled together to Ohio to install a 
computer in a steel mill 

Juanita and the computer programmer 
decided to inake minor design changes 
in the computer installation. 

WHO HAS WHICH 
COMPUTERJOB? 

These are your dues to help soK^e the 
group^ problem. Read them to the 
group» but do not show them to any- 
one. 

The people who went to Ohio to fix 
tiie computer, Barbara, Robert, and 
Juanits^ have ^^'orked for the Dedi- 
cated Computer Company for eight 
years, 

Barbara changed the connections 
which the computer programmer con- 
sidered necessary. 

WHO HAS WHICH 
COJVIPUTERJOB? 

These are your dues to help soh^e th<* 
group^ problem. Read them to the 
group, but do not show them to any- 
one. 

Robert and the engineer dedded to in- 
crease the memory capacity of the 
computer. 

All three people love their work. 



WHO HAS WHICH 
COMPimJtJOB? 

These are your dudes to help sohre 
die group^ problent Read mem to the 
group, but 00 not shew diem to any- 
one. 

The engineer works widi Barbara 
whenever possible out of rc^>ect for 
her kno>dedge of computers. 

The computer programmer and die 
engineer both admire the skill and 
speed of the technician^ work. 

WHOHASWmCH 
COMPUTERJOB? 

These are your dues to hdp solve the 
group^ problem. Read them to the 
group, but do not show them to any- 
one. 

The tcchnidan assisted Juanita in de- 
termining the source of a hardware 
bug. 

Juanita, Robcn and Barbara all liked 
math when they were in school 



WHO HAS WHICH 
COMPUTERJOB? 

These are your dues to hdp solfe the 
group^ problem. Read them to the 
group, but do nto show them to any- 
nne. 

The computer programmer, techni- 
cian, and computer hardware engineer 
ail use math in thdr worL 

Barbara, Robert and Juanita all went 
out to dinner togedier to cdebrate 
when they completed the instaUadon 
of the computer. 
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Two other cooperative activities, "Max/Min** and "Bubblesort," are based 
on algorithms a programmer might use to solve sorting problems. In 
"Max/ZVlin," the goal is to figure out what the program does and how it does it 
In "Bubblesort," a group of four or five people stand in line, with the first per- 
son holding the control card. Only the person who has the control card ar any 
time may move or cause others to move. Whenever a person gets the control 
card, she or he starts over. The instructions should be read aloud so the groups 
can understand what is happening and help out 



Bubblesart. ""Control Sheet 



Bubblesort Control Card 



vSTART: 



IS THERE someone in front of you? 
NO? then give this to the person behind you. 
YES? then go on . . . 

DOES the person in front of you have a name that 
comes after yours in the alphabet? 

YES? then trade places with that person and go ^ack 
to START: 

NO? then go on . . . 

IS THERE someone behind you? 
YES? then give this to the person behind you. 
NO? whew! Then announce that the sort is done! 
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Evaluation 

Parddpants evaluate the 30'hour inservice through a rating sheet for each 
activity, comment cards written at the end of each day, and a journal kept 
throughout the v^ricshop. The ratings are generally hi^ and the comments 
positive. 

Parddpants also keep journals diroug^out the academic year. These jour* 
nals reflect the struggles most went throu^ to simply become fiuniliar widi the 
computer as a tool and develop confidence in their own skills. 

One of the problems mendoned most often in the journals is the lack of 
time for curriculum development Also mendoned are problems concerning 
what to teadi at a particular time, how best to teadi concepts, and how to man- 
age time. The frequently expressed feelings of EQTEC participants edio die 
statements of teachers in the Second National Survey of Instructioilal Uses of 
School G)mputm (Becker 1985). When teacb rs were asked what was the 
mast serious problem in computer use, the response *'no time for the teacher to 
develop computer-based activities" was second only to "lack of equipm^t" 

Neariy all joump^s included entries concerning gender equity and a 
renewed determination to ensure that girls as well as boys would benefit bom 
the new technology. 

-k it -k 



Schools are able to make changes when teachers are exdted about thdr 
work and feel empowered to make those changes. Lortie (1986) has written per- 
suasively about the need for today's highly educated teaching force to have 
more autonomy and more opportunity to share practical experience and do 
research related to their own work. More than half of the parddpants in 
EQTEC chose to write for grants or to create workshops and inservice presen- 
tations for their own faculties. If teachers learn most from other teachers, as 
research indicates (Kottkamp, Provenzo, and Cohn 19P6), then we must turn 
to teachers for help in redesigning our auriculum. 

Given time and a background of information and experience, teachers .will 
develop curriculums that maximize the computer experience for girls; develop 
girls' awareness of the need for computing skills; hi^ight the contributions of 
women to computing; and create opportunities for girls to learn du*ough their 
strengths, persist when the going gets tou^, and keep their options open for 
the new and demanding world they will fiace in the future. 
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Program Descriptions 

Cyndlia Warger 



Electronic Classroom Comes of Age 

Contact: William Bosher 

Henrico County Schools 
7900Messer Road 
Richmond, VA 23231 



District Background 

Henrico County Public Schools is a suburban school system located out- 
side Richmond, Virginia, that serves a diverse population of young people in 51 
schools. Its students come from approximately 30 percent of the county's 
79,767 households. ITiese households are located in densely populated subur- 
ban to rural neighborhoods and repiesent a broad i-ange of sodceconornic 
situations. 



Program Mission 

From the advent of an electronic classroom in 1984 to the recent opening 
and utilization of an on-site Instructional Television Fixed Services (ITFS) stu- 
dio, the district has been building a partnership with technology to fulfill an 
overall mission of preparing its 31,567 students for a rapidly changing world. 

Overview of the Program 

Recognizing that die country was in die midst of the technological ad- 
vances that futurists spoke of years ago, Henrico County Public Schools began 
to plan for the next generation of technology that would be essential for effec- 
tive classroom instruction. In 1982-83, $135,000 of local funding served as the 
seed for an aggressive program in instructional and managerial technology. 
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The following year, the school system obtained $170,000 in federal funds 
through the Chapter 11 program for instructional tedmology. Also in 1983-84, 
$400,000 of county funds were set aside for staff development. Included in that 
funding was a major commitment to computer training for teadiers. The dis- 
trict realized that teachers must understand and be comfortable with 
technoio;jy before it could become an effective teaching tool 

In the fall of 1984, the Virginia General Assembly apprq>riated more 
than $3 million to establish the Governor's Center for Educational Innovation 
and Technology. Varina High School in eastern Henrico County was selected 
as the site of the project that tested, in practice, educational initiatives to 
strengthen instruction and administration through technology applications, 
the restructuring of decision making, and programs that gave students support 
in every area of campus life. 

In the initial funding for the project, which became known as die \^uina 
Project because of its location, approximately $250,000 was used to cover start-- 
up costs of a studio and control room to serve an electronic classroom. 
Additional funding was provided to school divisions interested in participating 
in the form of a one-time grant for the purchase of a television monitor, video 
cassette recorder, a toll-free telephone number, and an antenna for reception. 
After the first year, the state chained participating school divisions $245 per stu- 
dent per class. Henrico students are exempt from the fee because fedlities are 
furnished and operatioas are administered by the school division* 

The Ekctrmic Classroom 

The electronic classroom was established as, and remains^ a partnership 
with the \lrginia Department of Education. It offers classy to students in 
small, rural school divisions that their own schools are unable to provide. Ad- 
vanced placement calculus and En^ish, as well as Latin I and Latin 11 are 
taught. 

The first classes were broadcast in January 1985 to 84 students in nine 
school divisions. During the 1987-88 school year, there were 335 participating 
students in 3 1 school divisions, not including the students on-site at Varina. 

From the Varina High School campus, a microwave signal takes the broad- 
cast to the studios of WCIE, Central "Wrginia's educational television station, 
where classes are then broadcast on the station's Channel 57. In 1989, several 
of the classes also went out via satellite. 

A key factor in this program's success has been the interactive feature of 
the classroom. Through a preprogrammed toll-free telephone number, stu- 
dents at receive sites are able to talk to the instructor during the live broadcasts 
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and answer questions. The Varina on-site students, as well as every receiving 
student, can hear this discussion dut)ugh televisions. In a very short time, the 
electronic classroom teacher is just much a part of the students' educational 
experience as one of the teadiers at their school 

Throughout die year, special events are ^;lanned so that electronic class- 
room teachen, aay get to know the satellite students and so that the students 
have the opportunity to meet each other. An orientation program has been 
held at Varina at the end of the first week of school to set course expectsitions. 
A Qbristmas social has been held at Varina with time allotted for discussion of 
the semester exam. A spring picnic gives students an opportunity to exchange 
information and talk about dieir coUege choices, and gives the teacher an 
opportuni^ to talk with them about taking the standardized advanced place<- 
ment tests. 

Since the electronic classroom teachers carry a full student load, diey are 
required to teach only one class each day. They are scheduled for three hours 
of preparation for the broadcast, two hours of telephone time for satellite stu- 
dents to call in with questions, and one hour of duty period. Most student work 
and papers are graded by the electronic classroom teacher, but part-time teach- 
ers are being used for assignments and grading aids as enrollments increase. 
Assignments and papers are currently sent through the m?il, but research is 
being done on moving to facsimile and computer transfer of prim materials 
and tests. 

Frogmm Evaluation 

Increasing enrolhnent attests to the popularity of the classes, and superin- 
tendents of receiving divisions, citing the expanded curricuJum their schools 
are able to offer, have commended the program. The most important assess- 
ment, however, is the performance of the students who enrolled in the classes. 
In standardized tesdng, students who have participated in the electronic class- 
room have shown positive results, with the majority scoring as well or better 
than the national average on advanced placement testing. 

Because the classes are broadcast on public television, an interesting and 
unanticipated audience has developed. While no research has been done to de- 
termine how large the adult audience may be, several senior citizens have 
written, and teachers are often recognized by members of the general public. 
One nursing home resident in northern \^rginia wrote to request a workbook 
so that she could cover lessons when television reception was not good. A live 
television broadcast from the classroom has enabled citizens to phone in ques- 
tions to the superintendent and school board members. Other uses have 
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included maldiig instructional videotapes for the Students Understanding 
Neighbors (SUN) elementary foreign language program; broadcasting GED 
classes to adults and prison inmates in Central Wginia ^ naug^ an TITS 
system utilizing cne-way video, and two->vay audio capabilities; and a dosed- 
circuit television distribution system in use on the Varina High School Campus* 

Cultural Awartness Progmms 

The SUN Foreign Cultures/Languages program began in 1985 with a 
grant from the Virginia Department of Education, which provided funding for 
a pilot study to be conducted from 1985 to 1992. The program is intended to 
provide opportunities for all elementary school children to develop a cultural 
awareness and social understanding of other countries and their languages. 

Through the use of an instructional videotape package, the SUN program 
compares and contrasts Canada and Mexico to the United States. The 
padwge's diree major components consist of: (1) a detailed manual widi a writ- 
ten script, content analysis, objectives, vocabulary, pronunciation guide, games, 
songs, and art activities; (2) a complete set of audio tapes to assist teachers and 
students in practicing vocabulary and songs for cadi lesson; and (3) a complete 
150-minute videotape that includes the dramatization and television instruc- 
tion for 24 lessons, complete with props native to the country, costumes 
indicative of content, games, music for the lesson's objectives, and the drill and 
practice of vocabulary that is introduced in each lesson. 

The SUN videotape bridges the gap between an elementary teacher who 
has never had a foreign language and a folly certified secondary language 
teacher who is unfamiliar with teaching saxtegies for elementary students. 
French and Spanish teachers from Henrico's middle and hig^ schools appear 
on the television tapes that are shown to elementary students from the coimty. 

Future of the Program 

In the seven years since initial funding for technology, a department of 
technology has been established and objectives have been set to assure that 
technology would serve as a medium to strengthen education, that utilization 
rather than acquisition would remain the most important factor. Among the 
objectives are: 

• Assuring that all students are computer literate before high school 
graduation, 

* Improving instructional effectiveness through the correct applications 
of instructional compuring technology and software. 
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• Providing telemedia production/dissemination services to improve in- 
struction and staff development, and 

• Providing media resources and training to the staffe of central adminis- 
tration and school sites. 

Today, there are 1700 microcomputers in the schcMs. Their use is based 
on the premise that computers should serve as a tutor and a tool. Technology 
should empower educators to more effectively and effidcntiy perform the tasks 
they arc already required to perform. This philosophy can be applied to the 
teaching of mathematics where skills and concepts can be learned in a shorter 
amount of time with the use of computers. The time saved is used to teach 
mathematics applications. 

Computers serve as tools when they help teach students skills such as 
word processing and the compilation of databases and spreadsheets as well as 
communications and graphics. While all of these programs are ciurcntly con- 
ducted at various Henrico Schools, they are not necessarily in every school. 
For example, language arts programs are used at the kindergarten and first- 
grade level to help begin teaching written language skills, but are offered only 
at schools where early language skills arc most needed. 

Another feature of Henrico's quest for state-of-the-art technology applica- 
tions occurred last year when six students participated in an International 
Cultural Exchange sponsored and financed by McGraw-Hill and Tandy Corpo- 
ration. The program enabled students to transmit messages to a host computer 
in Minnesota that served as the center for the foreign message exchange activ- 
ity. Students from schools in Japan, Australia, Mexico, Argentina, Kenya, Italy, 
West Germany, and Switzerland exchanged information about everything from 
the area in which they live to the amoimt of time and type of labor required to 
buy a hamburger. The program is being replicated at a middle school this year 
(again courtesy of Tandy and McGraw-Hill), and plans are underway to make 
this technological communications link available at each middle and high 
school. 

Other highlig' ^ of Henricob applications of technology include: 

• Retrospective conversion of library resources fiom card catalogs to 
computers that allows students at each school to access infc/rmation 
from a computer terminal that includes entries from public libraries, 
(A delivery system moves requested materials between schools. TTie 
system saves the costs of duplicating expensive resource material and 
increases the resources available to students.) * 

• Electronic mail system using a mainframe and personal computers, 
(The system allows immediate, simultaneous information transmission 
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between schools and the central office while greatly reducing the 
"paper" handling formerly required.) 

• An asynchronous communications typesetting system to transmit copy 
for student and community newsletters to the centnil office for profetr 
sional typesettings 

• Desktop publishing with a Macintosh II that allows the Public Infor- 
mation Office to efficiently write, edit, and design publldtions, (Thit 
system 1 las increased quality and volume, bodi necessary to meet 
school division and public information needs.) 

• G)mputerized student, personnel, and financial records, and 

• Sdiool Board update throu^ which board members receive a weekly 
videotape diat decreases the reading time required for sdiool-related 
materials. (The program has been well received, and has also allowed 
for visual introductions to various central administrative offices for 
new members.) 

Under the premise that most of what educators are required to know can 
be learned via television viewing in each local school, thus conserving time and 
gasoline, ongoing assessments of informadonal procedures sudi as staff devel- 
opment are being made. At the same time, close attention is being given to 
maintaining the human, interpersonal contact, and communication diat televi* 
sion cannot replace. 

While balancing what is presented on a screen versus what is presented 
face-to-fiace, Henrico continues to look to the future, planning for single-pur* 
pose items such as word processors and typewriters with printers. The schools 
plan in 1990 to implement a keyboarding pilot at the third-grade level using a 
single-purpose device. At $40 per keyboard, such devices can be extremely eco- 
nomical compared to the overall costs for muld-purpose microcomputers. 
Henrico Schools constantly explores new technological innovations, but only 
implements them throughout die county when there is concrete evidence that 
such innovadons will work to make the schools and their management more ef- 
fective and efficient 

In 1988, Henrico Schools was the first public school system in Virginia to 
win a U.S. Senate Productivity Award; an award that honors ot^anizations for 
productivity and quality improvement effi)rts. While the electronic classroom 
was instrumental in the selection process, it was not the sole determining fac- 
tor. The school division's commitment to preparing students for today*s and 
tomorrow's world reaches far beyond one single program. 
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Contact: Harvey Bamctt, Director of Technology Support 
Cupertino-Fremont Model Technology Schools 
10300 North Blaney Avenue 
Cupertino, CA 95014 
(408)252-3000x481 

District Background 

The Cupertino Union School District — a suburban district with eight 
nationally recognized and/or state-distinguished schools — serves close to 
1 1,400 students in a 26-square mile area that includes the City of Cupertino 
and portions of five other cities in the center of California's Silicon Valley. The 
district contains 18 K-6 elementary schools and four 7th and 8th grade junior 
high schools, including two alternative schools. 

The district's large size provides for considerable diversity. Our students 
speak 23 different languages. Some 1,000 students with learning disabilities or 
physical limitations receive special education services; more than 2,000 stu- 
dents participate in an extended learning program under funding from die 
state's Gifted and Talented Education Program; a large number of our students 
are non- or limited-English speaking; several schools receive federal Chapter 1 
funds; a significant number of families receive Aid for Dependent Children 
monies; and the student turnover rate approaches 40 percent in some schools. 

District test scores rank in the top three percent of the states's puWic 
schools (top 10 percent nationwide), and all our students reflect the high expcc- 
tatipns their parents — and we — hold for their personal and educational success. 

Program Mission 

The central vision for the district's K-8 technology program is based on 
the belief that the teavner is the primary vehicle for instruction and is, there- 
fore, the key to implementing changes in the classroom. Teachers, when 
provided direct and appropriate access to the tools and resources of technology, 
develop, evaluate, and disseminate an instructional delivery model that uses 
technology across all curriculum areas and grade levels. Because change is a 
process, not an event, ongoing staff development and support are essential for 
successfiil implementation of technology-enhanced instruction. 

To cement the change process, the Board of Education adopted, in 
December 1986, a long-range strategic plan that set the stage for a truly inno- 
vative exploration. One of the major goals of the Cupertino Union School 
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District's "Strategic Plan: 1986-2000" is to use instructionai technology effec- 
tively. In support of this goal, the objectives of the strategic plan have been 
designed to provide access for teachers, students, and administrators to the 
tools required for efficient, effective technology use. 

Overview of Ae Program 

Instructionally, technology is to be used as an additional tool to motivate 
students, to reinforce and reteach concepts, and to foster cooperative learning 
and collaboration. Further, the district is committed to piloting new and prom- 
ising technologies and programs, several of which are presently being 
implemented. The district has purchased 17 Apple computers for each K-6 ele- 
mentary school computer lab. Providing each elementary classroom with a 
teacher technology station containing a computer, printer, large screen moni- 
tor, and VCR a primary objective of the technology plan. 

Helping teachers to increase their comfort level with technology' is inher- 
ent to the attainment of district goals. An ambitious, ongoing staff 
development program combined with teacher access to technology is the key to 
effective use of the technology in the labs and classrooins. 

Technology Lead Teacher Network. The use of technology in Cupertino class- 
rooms had its beginning a decade ago when several teachers in isolated 
classrooms piloted activities exploring instructional and personal uses of com- 
puters. The fledgling experiment was funded by a federal grant The teachers 
also started an informal network, not unlike a user's group. They met regularly 
and shared their successes and frustrations. From these grass roots begiimings, 
the district recognized the value of computeis as instructional tools, developed 
labs at each school site, and offered staff development classes and training for 
teachers. 

Today's "Technology Lead Teacher Network" grew out of that i^Jormal 
user's group. The Lead Teacher Network now has one teacher representative 
from each school in the district, and is chaired by a technology mentor teacher. 
The group still shares their technology experiences. In addition, they present 
modd lessons, host guest speakers on new and emerging technologies, e)q)lore 
curriculum integration and often make recommendations to the administration 
about technology issues. The lead teachers then disseminate the information to 
the other teachers at their schools. 

The Cupertino Concept. Several years ago, the "Cupertino Cx)ncept" was 
developed. It is a process by which a school or district can plan and implement 
a technology program. The Cupertino Concept was selected as a National 
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Difiusion Net^-ork (NDN) project and has been adopted by numerous districts 
across the country. 

The first district computer curriculum was an outgrowth of the Cupertino 
Concept* The curriculimi addressed computer literao' and taught program- 
ming concepts using BASIC and Logo languages. As educational software 
became more readily available, the curriculum was eiqpanded to incorporate its 
use. Housing the computers in a computer lab provided student access and 
emphasized student use. 

The hbs were staffed by computer aides, and classes were scheduled to go 
to the lab at regularly assigned times en a rotating basis. Often little or no cor- 
relation existed between the dassroom curriculum and the activities in the 
compater lab. Stude::?t access to computers increased but teacher access did 
not Computers were seen as an add-on to the curriculum, not as an integrated 
part of the instructional program. Students were taught computer use as a skill 
that was an end in itsdf. 

Our e)q>eriments, however, demonstrated tiiat for technology to be effec- 
tive as a teadiing and learning tool, it must be integrated into the curriculum. 
It became the philosophy of the district to use technology-assisted instruction, 
not technology-based instruction. In order to do that, we empower teachers by 
providing direct and appropriate training and access. Simulations for problem 
solving, word processors for ^^Titing, independent practice for math and lan- 
guage, and rr/ for hands-on demonstrations in sdence are but a few of the 
ways teacherc can use technology tools to enhance learning, 

SuTtmur Technology Institute. To address the need for teacher training, die 
district has, for the past two summers, conducted a Summer Technology Insti- 
tute—a four-A^y institute that is held in August, just prior to the start of 
school. The presenters are mentor teachers and other Cupertino teachers who 
have exemplary programs in their dassrooms. 

Teachers who partidpate in tl\e training receive either an Apple IIGS 
computer system for use in their dassroom or a large-screen monitor and 
VCR. These teachers also agree to take 10 hours of follow-up training during 
die next school year. The Institute has been a hi^y successfiil training model 
for teachers and administrators. 

The first year of the Institute, the prindpal, the lead teacher, and one 
other teacher from each school attended. Principals must be induded in the 
training if they are to be effective instructional leaders. The second summer, 15 
percent of eadi staff who had not previously attended weie selected to partid- 
pate. In addition, previous partidpants returned for one day and, in 
conjunction with newly trained teachers, developed a site-level teclinology 
plan. 



163 




Technology for Access, Productivity, and Achievement 



The goal of the Technology Institute is to have all Cupertino teachers 
trained by 1993. 

Pilot Projects. The Cupertino Union School District's commitment to 
exploring new and promising technologies has brought several pilot projects 
into the district. Three examoles arc the Apple Classroom of Tomorrow, the 
California Model Technology Schools Project, and the Nimitz/Apple Partner- 
ship. Each of these pilots explores different aspects of technology use in the 
classroom. 

The Apple Classroom of Tomorrow (ACOT) at Stevens Creek Sdiool is a 
research partnership with Apple Computer, Inc. Through this program, 1st, 
2nd, and 3rd grade students and their teachers have a hi{^ degree of access to 
technology. Keyboarding, word processing, problem-solving software, tutori- 
als, simulations, and programs for guided and independent practice are all a 
part of each student's day. The ACOT model has ^own us that effective key- 
boarding can be taught at an early age. Third grade tea-"hers are exploring tihe 
most effective uses of home computers, as well as parent training models. Stu- 
dents in the ACOT classes are highly motivated. Teachers have observed that 
the technology helps students become better writers and problem solvers. The 
students* willingness to take responsibility for their own learning is seen as a 
major strength of the ACOT project 

The Model Technology Schools Project (MTS) is designed to examine the 
changing role of teachers as they integrate technology into the design, plan- 
ning, implementation, and evaluation of the classroom instructional program. 
A joint project of the Cupertino Union School District and the Fremont 
Union High School District, MTS includes a hig^i school and a feeder elemen- 
tary and junior high school. The goals of the project are to: 

• Demonstrate instructional use that supports state curriculum and 
instructional objectives, 

• Develop models for training teachers and administrators, 

• Support and disseminate research on instructional, administrative, and 
home-school uses of technology, 

• Determine facility standards required for using computer, video, and 
interactive technologies in both new and existing schools, and 

• Disseminate results of the project to decision makers and other 
educators. 

The partnership between Nimitz School and Apple Computer, Inc., pairs 
corporate volunteer tutc"^ with students in the classroom. The ongoing part- 
nership is but one example of how technology matches schools to community 
resources, thus eliminadng the barriers often found in educational institutions. 
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In addition to the classroom computers, plans are underway to provide 
each school with a Guided Learning Center (GLC). Computer activities will 
be located in die GLC, along widi scarce technologies such as video disc 
players, camcorders, and multimedia stations. The GLC will also house a 
teacher technology center for teacher productivity and a publishing center for 
teicher and student use. 

Each school is equipped widi an antenna for instructional television recep- 
tion and widi die capability for downloading from die country's Instructional 
Television Fixed Services system. We have learned diat instructional television 
is an effective teaching tool when it can be integrated into bodi the curriculum 
and die classroom schedule. By recording programs from ITFS, teachers can 
use them at times that are most appropriate to their lessons. 

At die district level, die programs are administered by die Director of 
Technology Support under die supervision of die Associate Superintendent of 
Instruction. Each school is required to develop a Technology Support Plan in 
conjunction widi die School Plan. Site level supervision is die responsibility of 
the principal. 

Program Evaluation 

Because each school has its own local "Technology Support Plan," die 
evaluation of die program is a local issue. Principals and school stafife collect 
empirical data from teacher observations along with parent and student ques- 
tiormaires, and teacher evaluations. 

The district continuously evaluates the various pilot programs to ensure 
that diey are meeting dieir stated objectives. Programs diat fulfill dieir promise 
are expanded to other schools. 

Teacher attitudes have changed a great deal in Cupertino as a direct result 
of die technology program. As recendy as two years ago, some teachers were 
unwilling to accept student work done on a word processor. Now some of 
diose same teachers have a computer in dieir classroom. Many more teachers 
dian can be acconunodated volunteer to attend die Extended-Year Technology 
Institute. And several teachers who attended the institute have written grants to 
acquire additional technology to expand its use widiin die classroom instruc- 
tional program. 

Strongest Feature of the Program 

Staff training is die strongest feature of die Cupertino program. The 
Extended Year Technology Institute, combined widi classes offered through 
our staff development catalog, are die backbone of die technology training 
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^-^rogram for teachers. A veiy import2nt factor of the staff development pro- 
gram is that ahnost all training is provided by district teachers including the 
three technology mentor teachers, die lead teachers, and others who have 
expertise in the use of technology. 

A second critical factor that makes the staff development program stror 
is that it is teacher-driven. Course oflermgs are detennined dux)u^ needs 
assessments, and teachers feel ownership in the system. 



Future of the Program 

As technology evolves, the key focus for educators must be to detCTiTnine 
the effects of technology on instructional practices and student learning— iw^ 
on the widespread use of tedmology for its own sake. An equally important 
focus should be on developing the interactive aspects of technology. The bene- 
fits of this interactive technology should be judged on its effectiveness at 
increasing content learning and enhancing students' abilities to apply that con- 
tent to problem solving, decision making, and communications situations. 

Our concept of the Guided Learning Center is die vehicle throu^ which 
we hope to restructure the v^ay we look at the delivery of instrucdon. The 
GLC will afford us the opportunity to provide new and different resources — 
technology being one such resource — to improve the teaching/learning 
envii'onment. 
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in die Classroom 

Contact: Eugene Hertze, Superintendent 
Central Kitsap School District 
P.O. Box 8 

Silverdale,WA 98383 
(206)692-4997 

District Backgnmnd 

The Central Kitsap School District is located in a rural area that is rapidly 
becoming suburban. Located on die Kitsap Peninsula, approximately one hoiu- 
west of Seattle by ferry and freeway, the school district has grown steadily since 
the construction of Trident Submarine Base within the school district The dis- 
trict also serves families from the Puget Sound Naval Shipyard and the Naval 
Underseas Warfare Engineering Station. Approximately 70 percent of the 
students* families are connected with the Navy; approximatdy 27 percent are 
active-duty military personnel dependents, and the remainder are children of 
civil service employees or defense contractors. Transiency among the student 
population is extremely high. 

Parents in the district are well educated and technology oriented with 
high expectations for schools. The community consistently supports bond is- 
sues and special levies for instructional programs. The district spends at the 
state average for instruction and has emphasized technology very heavily dur- 
ing the past five years. Currendy there is approximately one instructional 
computer for every eleven students in the district Instruction on computers be- 
gms in the first grade and continues through high school. 

Background of the Program 

Integrating technology into regular instructional programs began in 1984, 
when a District Task Force on Excellence made the following recommenda- 
tions: 

The district should create a plan to integrate the application of tech- 
nological innovation and the study of technological unplication into 
appropriate courses across the curriculum. The district should 
integrate computers as a. teaching tool into all appropriate classrooms. 
By doing so, the use of computers will assist the teacher in indhddual- 
izing student education by pi:oviding the following services: 
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a. Determining Jie appropriate level of work for each student, 

b. Monitoring individual student progress, 

c. Providing inmiediate feedback to the teacher within an individual- 
ized program, and 

d. Freeing teachers to work with students in more areas best served 
by direct human interaction. -^^i 

FoUowing that charge, the District's Computer Committee began to 
search for software appropriate to that purpose. During the 1985-86 school 
year, the committee developed guidelines for selecting a computer-assisted 
instruction program (CAS) for Ae district's newest junior hi^ school and sub- 
sequently for an elementary school. The committee followed a nine-step 
process in the selection of the CAI system: 

1. Review of the literature 

2. Research of advertising 

3. Developing educational criteria 

4. In-district demonstrations 

5. Site visits 

6. Completing a report matrix 

7. Wei^ng of criteria 

8. Evaluation of criteria and reports 

9. Selection of the system 

The committee gathered information regarding what was happening in 
the field of computer-aided instruction and researched the advertising material 
of aU the companies that appeared to have the potential for supplying the CAI 
system for the district. The committee then developed the following educa- 
tional guidelines for selection of the system: 

1. Hardware should be secondary to quality course software 
programs. 

2. Courseware should deliver curriculum for kindergarten 
through grade 12. 

3. Software should be more than simply drill and practice. It shoxild incor- 
porate higher-level thinking skills. And it must be easy for the educational staff 
to modify. 

4. Software development should be ongoing and the courseware updated 
often. 

5. Staff development and a strong inservice program must be provided by 
the CAI supplier. 

6. The hardware and courseware should be available at a reasonable cost 
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7. Th- program should include instruction, testing, and recordkeeping 

8. The courseware and hardware should be compatible with other ware. 

9. The CAI system should be capable of supplanting, not merely supple- 
menting, existing programs. 

In addition, more specific criteria addressed features that were seen as. de- 
sirable: 

1. Networking should be possible both within the school and to sites at 
adjacent schools. 

2. Interactive video programs should be operable with the system. 

3. An auditory component should be available for beginning readuig. 

4. Other software programs should be compatible. 

5. The system should be functional nith varying degrees of teacher 
involvement. 

6. Multiple printer options should be available. 

7. Hardware should be compatible with other hardware existmg in the 
district. 

8. Enhancements to the CAI system should be provided to the district 
without extra charge. 

Later in the selection process other questions evolved: Are there hidden 
costs? inservice costs after the initial few days? daily consultant help? supplies 
available on the open market? Additional questions included: Does the com- 
pany have a users network organized through an electronic bulletin board or 
through user meetings? Is the company expanding the offering of programs — 
particularly at the secondary level and in foreign languages? Is the company 
expanding its compatibility with other software and hardware? 

With these criteria and questions in mind, the committee reviewed all 
proposals, arranged in-district demonstrations, and made site visits to the 
companies' headquarters or to a school that was piloting the system. 

Each committee member completed a report matrix, and subsequently die 
committee recommended to the Superintendent and Board of Directors Aat 
the WICAT system be obtained for the junior high school and that the Educa- 
tional Systems Corporation (ESQ be selected for the elementary program. 
Currently, both CAI systems operat > 32 stand-alone computers networked to a 
central computer that retains student records and the basic curriculum. 
Courseware purchased with the WICAT system included reading, language 
arts, math skills in grades K-8, algebra I & 0, geometry, and French. The ESC 
system included 1,800 lessons in reading and mathematics K-6. A writing com- 
ponent has since been added. 
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Abam the Programs 

Both companies provided inservice staff development sessions for the 
teachers for two days prior to die openi^ig of school and then on a periodic 
basis dironghout the school year. The cost of eadi program was nc&tly tfte 
same — approximately $120,000 including the full-time laboratory aide, 
appropriate classroom furniture, and die necessary electrical diangesin the 
classrooms. .7 

VWiile the WICAT system was originally a closed system, ihc WICAT 
courseware can now be used with computers from any majoi ^^rdware sup- 
plier. The district used MS-DOS compatible Tandy 1000s in each ESC 
elementary lab. Thirty-two stations are networked to a central file server, a 
Tandy 3000 with a CD-ROM drive. 

In both systems, lessons appropriate to each student's skill level are 
downloaded to his/her own computer. The students are allowed to progress 
through the lessons at their own pace. Many of the functions of the teacher^ 
worldbooks and textbooks are combined in the interactive software, which pro^ 
vides students with instruction, guided practice, and independent practice on 
the madiines as well as evaluation. Teachers can track students* progress on in- 
dividual reports or with reports reflecting the entire class* work. The teacher is 
able to determine what the students need, and the laboratory aide does the nec- 
essary programming. 

In addition to using the CAI system as sequenced, the teachers also use it 
in the following ways: 

1 . By using the diagnostic test, the teacher can identify gaps in a specific 
student's learning skills. 

2. By assigning students specific segments to review deficient skills in 
order to gain mastery. 

3. By selecting enrichment activities for high-ability students. 

4. By generating reports of imit test results diat can be shared with parents 
in parent-teacher conferences. 

Because there is almost 90 percent compatibility of the CAI systems' 
objectives and the district's specific learning objectives, the testing and 
recoixikeeping of the district's SLOs can be done via the computer, witli 
immediate feedback to the teacher. 

Students at both the junior high and elementary levels spend 25 minutes 
every other day in the CAI lab. Teadiers also have the option of cooperating 
with another teacher in sending only half their students at a time to the lab. 
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This allows each teacher to meet with a much smaller group of students for 
more individualized instruction. 

Evaburtion 

Because district testing procedures are more exact at the elementary 
school level, evaluation of the elementary school program has been most com- 
plete. Achievement expectations were set and an assessment design was 
developed. The assessment design included student achievement and student, 
staff, and parent attitude surveys. 

Increased achievement scores were the result of excellent classroom teach- 
ing techniques practiced along with the application of correct methods of 
monitoring, diagnosing, and prescribing lessons throu^ the microcomputer 
iab. 

Parent Surveys. While the student and staff surveys were very supportive, it 
was important to the district to determine parent support. Parents responded 
to the following statements: 

1. Computer-assisted instruction is valuable to my child's elementary 
education. 

2. My student(s) likes working on computers at school. 

3. 1 am supportive of the CAI program being used at my school. 
4. Computer-assisted instruction is helpful in developing math, reading, 
and language arts skills for my child(ren). 

Eighty-tiiree percent of die parents felt computer-assisted instruction is 
valuable to the education of their child. Likewise, 92 percent of the parents re- 
sponded that their student(s) like working on computers at school. 
Ninety-eight percent of the parents were supportive of die CAI prograri, and 
96 percent agreed tiiat die CAI program helped tiieir students gain in matii, 
reading, and language art skills. It is also inceresring to note that when elemen- 
tary school boundary lines were being changed, die most vocal parents were 
diose widi stude ts scheduled to be transferred from a school having a CAI lab 
to a school that di J not. 

Anodier measure of parent support is ihe district's community schools pro- 
gram that used die laboratories after hours. Additional instruction is provided 
for children and parents who wish eidier enrichment or remediation. The par- 
ents pay niimmal tuition to bring children for die additional instruction. The 
classes are conducted by labomtory aides who help die children get started in a 
program, work with parents, and maintain and operate the computer systems. 
Particular instructional problems are referred through die aide to a teacher 
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who is hired on a consulting basis to advise on placement The program casts 
the computer lab aides in new roles for supporting formal instruction for stu- 
dents on the systems. This popular program has rapidly expanded and provides 
a supplement for eager learners. 

Teacher reports. Teachers found that students approach long problem- 
solving assignments associated with higher-level thinking skills with less 
apprehension since working with the ESC system. There are no discipline 
problems in the lab. Teachers also state the maximum effecdveness of the CAI 
lab depends on the efficient manipulation of the program by the teacher. 

Looking Ahead 

As a result of the initial experience with CAI systems at one elementary 
school, the CAI labs have been expanded into three additional elementary 
schools and one additional jimior high school. Plans are to add at least one sys- 
tem per year until all elementary schools have a CAI lab. All new buildings 
have a CAI lab as part of their basic equipment list. 

The use of the CAI labs are not the only uses of technology in the regular 
instructional program in Central Kitsap School District. In addition, all schools 
in the district have an Apple lab for teacher use on a sign-up basis. 
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Technology-Based Educational and Management Programs 

Contact: Arvid E. Nelson, Superintendent 

Indian Springs School District No. 109 
80th Street and 82nd /venue 
Justice, IL 60458 

District Background 

Indian Springs School District #109, an elementaiy school district located 
in southwest Cook County in the Chicago, Illinois, suburbs, serves 2,300 stu- 
dents in grades K-8 in five buildings. 

Each year, the district receives a number of students from surrounding 
suburbs. From 1985 to 1988, 34 percent of the newly enrolled students came 
from Chicago Public Schools. During the past 15 yean> the minority popula- 
tion of the district has increased from 2 to 15 percent In the Indian Springs 
district #109, 14 percent of the students are from low-income families, and 25 
percent of the children are from single-parent families. In September, 1988, 10 
percent of the parents of students enrolled reported that neither parent was 
employed. The district experiences a very high student mobility rate that 
ranges from 14 to 18 percent per year. 

Program Background 

Certain benchmarks and milestones mark a decade of progress in imple- 
menting the technology-based educational and management programs that 
exist in Indian Springs District #109 today. Since 1980, the Board of Educa- 
tion, administrative, and teacliing staff have been working together to attain 
the appropriate hardware and software and to develop the "peopleware" to 
implement the technology-based educational and management programs. 

Approximately 1 30 microcomputers ^vith color monitors, 256K, double 
disk drives, and printers have been installed in every classroom in the district, 
including all full-day kindergarten and self-contained special education class- 
rooms. Each computer has approximately 30 feet of cord attached to it, so it 
can be moved from place to place in the classroom. During the 1985-86 school 
year ill six school buildings, including the F^rly Childhood Center, were 
wired, and administrative software was developed to network all of the micro- 
computers in each classroom to the mainframe computer located in the 
Central Office Complex. 

The district developed funding partnerships with the Illinois State Board 
of Education, IBM Corporation, the United States Department of Education, 
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and several Chicago area colleges and universities. A summary of the results of 
these partnerships follows. 

Computer-Assisted Management Systems 

During the fiscal years of 1980-81 and 1981-82, the district received 
approximately $85,000 from the Illmois State Board of Education duough the 
Tide IV C Program to develop and implement the project known as Computer- 
Assisted Management Systems (CAMS), At that time, an IBM mainfi^e 
computer was installed, along with CRT units and off-site printers in all ele- 
mentary schools. These were connected to the mainframe computer in the 
Central Office Complex by dedicated teleline. During the past nine years, very 
sophisticated database programs in budget and finance; student records (includ- 
ing health, dental, adiievement test scores, and attendance); and special 
education (including individual educational plans for each student) have been 
developed by the Director of Computer Services. 

Teacher Ihtining Center 

In 1983, IBM Corporation contracted with the district to become one of 
30 teacher training centers established by IBM Corporation in the United 
States. During the past five years, the staff of Indian Springs, assisted by profes- 
sors fi-om local Chicago State University, Governors State University, and 
Moraine Valley Community Colleges, have offered 78 graduate courses related 
to the use of microcomputers in education. Since 1983, over 1,200 teachers and 
administrators who reside in the Chicago area have enrolled in these graduate 
courses. 

Computer-Assisted Network Systems 

In 1985, a proposal entided Coirrputer-Assisted Network Systems— Establish- 
ing the Telecommunications Link Between the Teacher, the Principal^ and the Office of 
the Superintendent (PROJECT CANS) was fimded by the United States Depart- 
ment of Education in the amount of $80,000. The main goal of PROJECT 
CANS was to provide classroom teachers with up-to-date and accurate infor- 
mation about tiieir students. In many districts, much of the information in 
cumulative folders is neither organized nor up-to-date. 

The implementation of PROJECT CANS mandated that every teacher 
learn how to use microcomputers in two ways: first, to assist them in the daily 
instructional process with their students, and, second, to assist them with 
administrative recordkeeping tasks. 
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PROJECT CANS was developed fitjm a model that includes: 

• Computer-Assisted Tnstniction — each classroom teacher tismg supple- 
mentary software on stand-alone IBM microcomputers and large 
screen television monitors (off-line) to assist with the instructional pro- 
cess, 

• Computer Management of Instruction — administrative software for 
entering and retrieving test data, particularly in the areas of reading 
and mathematics, and, 

• Computer Management of Classroom Activities — administrative soft- 
ware for entering and retrieving attendance records, grade reporting, 
lesson planning, general identification of information about students, 
health and dental records, and past achievement test scores. 

This system also allows teachers to accept electronic mail, to view the 
daily calendar of events for the entire district, and to access their own person- 
nel records fiom the mainframe computer located in the Central Office 
Complex. 

To assist the teaching and administrative staff with the implementation of 
PROJECT CANS, the Curriculum/Technology Coordinating Council was 
established in 1987, Five full-time supervisors were employed in the following 
areas: computer-assisted instruction, readirg/language arts, mathematics, 
science, and social studies. In addition, three teachers from each elementary 
school were selecced to become team leaders to work with the subject area 
supervisors. In using technology in curriculum delivery, it is the responsibility 
of the team leaders, who represent all schools and grade levels, to accomplish 
the following: 

• To exhibit an interest and commitment in the use of the microcom- 
puter and other technologies in the classroom, 

• To be available to attend after-school meetings for inservice training, 
particularly on the use of new software for CAT as well as for training 
on the retrieval and input modes, and 

• To familiarize staff members, in then* particular school buildings, with 
the software and work with subject area supervisors on software 
evaluation. 

Reading Improvement 

In 1986, the Reading Improvement Funds provided by Senate Bill 730 
were used, along with another grant from IBM Corporation, to establish a 
"Writing to Read" laboratory in each individual attendance center for all 
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kinuergarten and 1st grade students. Each laboratory contains approximately 
nine microcomputers. In September, 1986, a Tucrocomputer with a CD-ROM 
and Grolier's Electronic Encyclopedia was installed in each of the district's 
libraries, with accompanying teacher training. 

Recent Devehpments 

During tlie past foix years, the district has acquired all of the Compute:-: 
Research Systems Softvare, the IBM Basic Skills Software, and approximately 
150 various pieces of instructional soft^we for all grade levels and subject 
areas. All teachers employed throughom the district have access to the instruc- 
tional software, and they use their microcomputers and laige screen television 
monitc*^ as teaching tools for every academic subjea. To assist teachers with 
the integration of CAI into regular, daily classroom activities, especially for 
larger groups of students, 25-inch Zenith television monitors have been con- 
nected to the classroom microcomputers and installed in all classrooms 
throughout the distritt. These monitors have been placed on 54- and/or 
44-inch Bredford carts, depending on the grade level, which allows for superb 
viewing and for student involvement in the instructional process. Members of 
the administrative and teaching staffs are in the process of developing the elec- 
tronic omni for each classroom, which does and/or will include an on-line 
microcomputer, large-screen television monitor, interactive video disc, VCR, 
and CD-ROM to be installed in all classrooms within the next three to five 
years. 

Intensive Phcnics^ a software program that can be operated on an IBM mi- 
crocomputer, has been installed in all special education classrooms. Intensive 
Phmia, a concise, step-by-step systematic approach used to teach phonics, was 
developed particularly for students who need remedial programs. Special educa- 
tion teachers also use the Woodcock-Johnson Compusc^re Software Program^ which 
automates the scoring procedure for the Woodcock-Johnson Psycho-Educa- 
tional Batte.y. This software program streamlines the process of converting 
raw scores obtained while administering the Woodcock-Johnson into meaning- 
ful derived scores. 

In 1988, three video disc players and several laserdiscs for teaching science 
and mathematics were purchased. Junior high science teachers using the 
science laserdiscs to introduce topics in chemistry, biology, and earth science. 
The mathematics laserdiscs have been used to teach the concepts of fractions, 
decimals, percentages, and ratios. 
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Program Evalsditian 

During the past eight years, Indian Springs District #109 has been fea- 
tured in state, national, and international publications, including die Chicago 
Tribune, New York Times, and Viewpoint, in December 1981; Illinois Pry ect fin- 
School Reform, in November, 1984; Sphinx, in July, 1985; Educatim USA, in 
May, 1986; Electronic Education, in September, 1986; American School and Univer- 
sity, in February, \m\ American School Board Journal, ]uly and October, 1987; 
and The Fjcecutive Educator, in July 1987. In the past eight years, the Board of' 
Education, die administration, and the teaching staff bvc hosted several semi- 
nars and demonstrations and have given presentations to national and state 
organizations in die United States, Canada, and die Orient In September, 
1987, Indian Springs District #109 became die first public district to host a site 
visit for die National School Boards Association Itisrirjte for the Transfer of 
Technology to Education. 

To date, Indian Springs District #109 has implemented a completely com- 
puterized system diat provides for computer-assisted telecommunications to 
transmit management information of all types between die Central Office 
Complex and the classrooms located in the various elementary and junior high 
schools. The district represents an example of what the applications of com- 
puter technology can establish for teachers, students, and administrators. The 
district exemplifies a cooperative effort between the local and state education 
agencies, institutions of higher learning, and a private corporation. 

Indian Springs District #109 has become a lighthouse distria for odier dis- 
tricts to follow diey develop dieir plans for incorporating technolo^ into 
dieir school programs. Indian Springs provides one model of how a district can 
explore alternatives to meet the individual needs of students who will live and 
work in the information age of the 2 1st centiuy. 
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Contact: Barbara Strobeit, Principal 
Montclair Public Schools 
Watchung School 
14 Garden Street 
Montclair, NJ 07042 
201-783-8974 

Distri4:t Background 

Montclair, Nev Jersey, is a culturally and economically diverse community 
of 39,000 residents located a few miles west of Ne York City. The school 
system enrolls 5,100 students, of whom 49 percent are minority (predominatelj' 
black), in six elementary schools, two middle schools, and one high school. The 
community prides itself on both its outstanding record of academic achieve- 
ment and its conmiitment to equit;/ in education. With all of its schools 
designated as magnets, Montclair is tiuly a system of choice where parents may 
ser«d their children to any school in the district. 

Montclair's citizens represent a wide range of socioeconomic, racial, and 
ethnic backgrounds. The public schools represent a microcosm of the world at 
large and offer an ideal setting to develop and demonstrate the viability and 
transferability of programs to larger segments of society. 

Program Background 

Along with its commitment to quaHty, integrated education, Montclair 
Ptiblic Schools have demonstrated a special conunitment to technology. An 
atmosphere exists in the schools that welcomes technology and encourages 
purposeful exploi-ation. Emphasizing;: the distnct's support, an elementary and a 
middle school sdence/technology magnet have been established to pioneer the 
use of technology in educational piograms. 

The district offers a number of technology-enriched progn^ns in all 
schools and at all grade levels, from preldndergarten through high school. All 
Moniclair students have opportunities to use technology in their cducatioiial 
activities. Available technologies in the distric include television and video 
production, audiotapes, telecommunications, interactive /ideo, video discs, 
computers, satellite communications, and robotics. 
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Progmrn Missim 

Montdair*s primary purposes are to make effective use of technology to 
create stimulating learning environments for duldren and to promote overall 
scfcool improvement. 

Ovetview of tbe Program 

While the Montclair Schools incorporate a wide variety of technologies in 
its programs, the mo::t extensive use of technology in the district is in the area 
of computers. The number of district computers has increased from only 5 dur- 
ing the 1982 school year to 500 in the 1988 school year. Computers are 
becoming important mediums for both instruction and management This sec- 
tion will provide an overview of the district's commitment to its educational 
technology program as well as its capacity to strengthen the program over time. 

Planning for a Tecbtwlogical Future 

Montulair's substantial investment in computer hardware, software, staff" 
training, curriculum development, and personnel clearly reflects the district's 
recognition of the computer as a "one in several centuries" '>hcnon*2nrn. The 
district believes thai: appropriate computer use improves instruction and results 
in significant changes in the educational system. In addition to the commit- 
ment of its own funds, the district has aggressively sought and obtained 
additional funding and support from the United States Department of Educa- 
tion, die New Jersey State Department of Education, die New Jersey State 
Legislature, private foundations, and businesses. 

Montclair's use of computers for educational purposes dates back to 1977, 
when computer-assisted instruction was in. xlaced. Five years later, a town- 
vide Compu^-er Advisory Committee was formed to help design the district's 
plan for the schcok' computer program. With representation from school 
admini*?crat jrs, teachers, students, parents, and industry, the committee intro- 
duced a comprehensive plan to implement a preldndergarten through grade 12 
computer draining and instructional program. While diat plan has been modi- 
fied several times since its introduction, it provided an important beginning for 
the extended use of computers in th,e Montclair Schools. 

The plan called for an extensive staffs development and training program. 
The committee recognized die teacher as die critical variable in die effective 
use of computers. Adopting the committee's plan, the disuia initiated an 
intensive training program for 60 Montclair teaciiers and administrators. Bank 
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Street College provided training in computer literacy, LOGO computer 
language, and applying LOGO to specific curriculum areas. 

The advisory committee also recommended the development of an 
elementarj' and a middle school science/technology magnet. Support for the 
establishment of diese magnets clearly reflected a belief in the importance of 
technology in children's education. 

Improving Education Tbtxmgb the Application ofTecbnoiogy 

Major and rapid growth in district computer use began after the receipt of 
a federal grant Five years ago, Montclair was one of only twelve districts in the 
nation to receive an "Improving Education Through the Application of Tech- 
nology" grant fiom the United States Department of Education. Combining 
district and grant resources, Montclair developed a hi^y successful demon- 
stration program foi instructional technology. 

The purpose of the federal grant was to produce and demonstrate a com- 
puter-based instructional program that would improve teaching methods, 
enhance teacher/student interactions, and strengthen student learning. The 
two science/technology magnet schools were designated as project sites. 

The entire instructional staffs of these two magnet schools participated in 
extensive inservice training, again conducted by Bank Street College. The pri- 
mary focus of the training was co help teachers develop ways to enhance 
students' problem-solving and thinking skills. Three 40-hour training work- 
shops were offered during the first project year: 

• "Using Word Processing to Enhance the Teaching of Writing," 

• "LOGO as a Medium for Teachiner Problem-Solving and Thinking 
Skills," and 

• "Using Microcomputers in Science Education." 

Teacher questionnaires rated the workshops very highly. Principal observa- 
tions noted that teachers enthusiastically incorporated the workshop ideas in 
their classes. 

Weekly follow-up meetings with Bank Street staff supplemented the train- 
ing. The trainers observed the teachers, provided feedback, and conducted 
monthly meetings. Teachers were encouraged to become peer trainers and 
coaches. 

Curriculum development activities involving administrators, teachers, and 
parents followed the first project inservice and resulted in a comprehensive pre- 
kindergarten through grade 12 computer curriailum resource book and guide. 
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This document contains iniervice training materials, strategies for teaching, 
sample lessons, student products, and networking materials. 

During the second project year, additional staff were trained and further 
ouriculum impnavcments were initiated. Eventually, over 300 Montclair staff 
members received compute, training. All of the training occurred at the school 
building level so that teachers could enjoy and profit from collegia! learning 
opportunities that enabled peer support systems to emerge. These were impor- 
tant fectors in the districts successful incoqwration of computers into 
instructional programs. 

Another result of the federal project was the participation of Mount 
Hebron, the middle school science/technology magnet, in piloting the Pbyage 
of the Mhni program. This instructional program uses the study of whales to 
provide a highly motivating starting point for a rich interdisciplinary study of 
science and mathematics topics. The Mhni combines video, computers, arm 
print material in an exciting learning activity. The program wtss developed by 
Bank Street College under contract with the United States Department of Edu- 
cation. It is now available for distribution to all schools. 

At the conclusion of the federal project, Montclair^ elementary and mid- 
dle schools had computer labs, technology-trained teachers, and technology 
cuj riculum and resource materials. The two science/technology magnets 
became demonstration sites for computer applications in education. 

Montclair High School 

Growth in the use of technology at the liigh school paralleled that of the 
ot'^er schools. Today, applications of technology can be found in all aspects of 
the high school communicy. Computers are used as instructional tools in class- 
rooms ranging from science to special education to English. Seven computer 
labs are currently in operation aiid serve over 1,000 students. 

Applied technology is particularly evident in the business education and 
industrial arts programs. Courses such iis ^\ord processing, information process- 
ing, and computer publishing use state of the art equipment to teach business 
skills. Another high school course applies high technology to program robotic 
devices to ptrform mechanical tasks. 

In the English department, computers help students hone their writing 
skills. Special education students take a course called **Thinking and Comput- 
ers" that strengthens language skills. In science, computers are incorporated 
with laboratory work. This is most evident in physics, where simulations and 
dita analyses are performed with a variety of software. In mathematics, comput- 
ers help students strengthen their problem-sohdng skills. 
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Montclair High School participates in the Electronic Information 
Exchange System, a computer networit operating statewide via modem to send 
niessages and obtain information from other member schools and organiza** 
tions. 

Technology at Montclair Hi^ School is applied to management functions 
as well as curriculum areas. Attendance, grade reporting, scheduling, buc^ts, 
and student records have all been computerized. Few aspects of the instruc- 
tional and administrative programs remain untouched by computers. 

The Montclair Public School system *s use of computer technology contin- 
ues to evolve, moving from a literacy and programming focus to the fiill 
Imkagc of computers with the teaching/learning process. As experience and 
expertise witii technology grow, new programs are introduced, piloted, and 
evaluated. Issues of equity and access are also comprehensively addressed. 

Computers at the Ehmentmy School 

One very promising program has emerged at Watchung School, the 
system's elementary science/technology magnet. Supported by grants from the 
Florence and John Schumann Foundation, 3rd- and 4th-grade technology- 
enhanced classrooms were established. Each of tiiese experimental classes were 
equipped with 12 Apple IIGS computers, 4 printers, a digital display projection 
screen, and a video disc player. 

The availability of this technology and administrative support enabled 
teachers to restructure the teaching and learning process by managing instnic- 
tion and information in a different way. No longer functioning as a chimnel 
through wnich most information flows, teachers began operating more as man- 
agers and coaches. Teachers and children were exploring together, searching 
data and employing critical thinking skills to make judgments. Working with 
the computers, students have greatly increased their interactions with each 
other. Excitemerit, sharing, and discovery take place at the computer in ways 
that never occiir with pencil and paper. 

Because technology has not been separated from learning, traditional 
subjects have been enhanced. For example, in science and mathematics, com- 
puters are helping to make abstract concepts more concrete. One project 
allows students to construct a robot using Lego building blocks and dien 
program its movements using the LOGO language. TTirough this activity, stu- 
dents have hands-on learning in ratio, proportion, gears, friction, and a host of 
other topics. In language arts, word processing has improved stuJents' writing 
by making editing much easier. Other language arts software also provide 
motivating sunulation activities tiiat improve writing skills. Databases are 
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enriching social studies by helping students organize data into meaningful 
information. 

Probabfy the most significant impact of computers on student learning in 
the e3q)erimental classes has been the development of problem-solving abilities. 
Students are trametl to work in problem-solving teams to make informed deci- 
sions by analyzing a situation, plotting strategies, putting them into effect, and 
then checking solutions. 

Another important benefit of the experimental classes is their posithre 
effect on at-risk students. The ready availability of computer hardware and soft- 
ware permitted teachers to individualize instructional sequences for varying 
student leammg levels. Furthermore, computers offered a multisensory 
approach to learning that was an altemarive to the traditional instructional 
mode in which certain students were unable to succeed. Teachers noted that at- 
risk children especially seemed to enjoy learning with computers. As the 
children found opportunities to express themselves in creative ways and to in- 
teraa noncompetitively with their peers on learning activities, their 
self-confidence grew. 

I like computers because I can have fun and learn at the same time. It 
helps me look at things in a different way. The computers make prob- 
lem solving easier for me. I learn a lot more. 

- Watchung student 

Computer-enhanced classrooms provide more equitable access to know- 
ledge. Learning opportunities that would be available only to students who 
could afford to have computers in their own homes are now accessible to all 
children. Use of challenging software and opportunities to vwite their own soft- 
ware helped children integrate leamirg and apply critical thinking skills to 
their worL 

After an evaluation of the program documented educational benefits to 
children in the experimental classes, the project was expanded to the entire 
school. Every class at Watchung School merges computere with the regular 
in'strucrional program. The school, by fully incorporating technology, has 
bea)m^ a building filled with active, rather than passive, leamera in which 
children generate new learning for each other. 

To ensure the continued success of the fidl integration of technology 
into the schwl's instructional program, the building principal maintains an 
ongoing teacher support and training progra-n. A partnership with staff bom 
Rutgers University provides workshops for Watchung tcachere. Additionally, 
Watchung stafif provide inservice activities for their peeis in topic* such as ' 

IS 3 

'5 



A Dbtria Model for Technology 



applications of new software or their own successful classroom teaching 
practices. Opportunities are offered for teachers to attend out-of-district tech- 
nology conferences and then share their e>q)eriences with colleagues. Teachers 
are encouraged to observe each other and to collaborate on ways to merge 
technology with learning, 

Ttnimwide Advisory Committee 

The townwide computer advisory committee, under the direction of a 
central office administrator, monitors the progress of computer use at the sci- 
ence/technology magnets and other district sdioois and disseminates successful 
practices. While the district leadership clearly endorses d[ie full integration of 
technology into the educational program, the district also adopts the position 
that there is no one best way to use technology. Teacher experimentation and 
innovation is encouraged and supported. There is clear agreement diat technol- 
ogy I3 an important medium of instruction, taking its place alongside print and 
other learning materials. 



Program Evaluation 

The scope of the district apphcadons of technology requires continuous 
monitoring, evaluation, and revision. Evaluation techniques include: 

• Standardized test results 

• Sti»dent surveys 

• Teacher cri tiques 

• Classroom observations 

• StafiF and student interviews. 

TVbile student achievement on standardized tests cannot be attributed 
solely to the use of technology; e.. * * • ,idicate that planned technology 
use positively affects students' scores. Montclair has the Iiighest student 
achievement record among New Jersey's urban districts. 

Student sxirveys and inter/iews clearly and consistently indicate prefer- 
ences for using computers for learning. Such evaluation mediods also reveal 
student confidence and xinderstanding of tlie applications of technology. 

TeiJ^K: - ..u regularly use technology in their classes express enthusiasm 
for its usv, as a way to improve their classroom practices. Thsy note positive 
changes in students' learning, behavior, and attitudes. 

I now see myself as a learner sharing ideas with my students. Teach- 
ing has become more dynamic and challenging but certainly not 
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easier. It took me several months before I became comfortable with 
using technology in my instructional program. Now, I couldn't imag- 
ine teaching widiout it 

-Montclair teacher 

Strmgtst Features of the Program 

Montclair's plan for technology has been successful because the district 
leadership has instituted and maintained important components of that plan. 
These include: 

• A comprehensive staff training and ongoing teacher support pmgrams, 

• Adequate technology that permitted increased staff and student access, 

• A provision to ensure equity of use for all students, 

• The development of technology applications based on research and 
successful classroom practices, 

• Evaluation and revision of applied technology pilot programs, 

• Linking technology and learning, and 

• Identification of potential funding or technology donation sources. 

Through careful and continuous planning, Montclair Public Schook are 
using technology to fiilly participate in the information age. While tRchnology 
cannot solve the myriad educational problems schools face, Montclair's experi- 
ence is that the appropriate integration of technology with instruction can lead 
to substantial improvements in the processes of teaching and learning. 
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Contacts.' Claire B. Passandno, Technology Specialist 
William R, Thomas, Principal 
210E. Broad St. 
FaUs Church, VA 22046 
(703) 241-7600 

District Background 

Falls Church City is a small suburban community in northern Virginia and 
a part of the greater Washington, D.C, area. The elementary school enroll- 
ment is approximately 550 students K-5 and is housed in two buildings. The 
community is extremely supportive of its schools, wluch is demonstrated 
through active parental participation and adequate funding. Student achieve- 
ment as measured by standardized tests is consistently high, in spite of the feet 
that our student population is very diverse. School-based management has al- 
lowed us to be extremely responsive to student and curricular needs. The 
community and school encourage an openness and receptivity to new ideas, 
demonstrate a willingness to put fonvard considerable effokt, and maintain 
high expectations for the students and the school program. 

Program Mission 

It has always been our intention that our computer use mirror our think- 
ing and attitudes about how children learn and the way schools should 
f inction. During the last six years, we have tried to use computers and other 
forms of advanced technology in a variety of ways to help students learn, to 
improve the effectiveness of the instructional program, to improve the quality 
of the curriculum offered, and to help our school function more productively. 

We look forward to the day when the computer has no more mystique 
than the filmstrip projector, when it becomes just one more device to enhance 
learning. It may be of interest that we use minimal CAI (computer-assisted in« 
struction) or CMI (computer-managed instruction) in our school setting. 
Instead, we emphasize using computers to develop higher order thinking skills 
and processes; and because our student population is small and we know the 
students so well, we do not rely on computers to monitor instructional levels. 

Program Overview 

Each 1st grade classroom in the K-1 building has a computer with printer. 
First grade students use computers for mathematics i istruction using L.OGO 
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and other math software. The computer is used to generate a weekly, first 
grade newspaper with increased direct computer input from students as the 
school year progresses. The special education teacher uses early childhood 
software with students who have problems widi beginning learning tasks at the 
K-1 level. 

In the 2-5 school, we have classroom computers, a ftill lab of 25 Com- 
modore computers, and a mini-lab of 13 ^ple computers. Many classroom 
computers have printers, and all lab computers are networked to printers. Two 
LCD (liquid crystal display) projection devices are available for use throughout 
the school. The dhrersity of hardware settings allows for a variety of instruc- 
tional delivery formats. 

All students use computers for one to three hours per week in various cur- 
ricular areas. Ti-e number of computers and their locations are based on 
program goals. We have found that certain activities are best done in a lab 
setting, whereas the classroom is preferable for other activities. 

Because of our confidence in the ability of our teachers to meet new chal- 
lenges, we havr given teachers ownership of the process of integrating the 
computer into the curriculum. Thus, teachers are responsible for planning and 
implementing computer lessons for their own classes. 

Haw We Got Started 

As is the case in many elementary schools, none of our elementary staff 
members possessed any computer knowledge prior to the start of computer 
integration. At that time, using a filmstrip projector was considered a high-tech 
event. 

During the 1981-82 school year, we were selected to participate in the 
United States Department of Education "Interactive Video Disc Project" This 
project provided us with our first microcomputer. To illustrate just how naive 
we were: When we attempted to turn the compyt-er on for the first time, we 
thought the machme was broken. No matter boll ard we pressed the power 
indicator light, it refused to go on. Then we discoxer<id the on/ofF switch. We 
realized that we had a great deal to learn! 

Our first objective was to provide teachers with generous access to com- 
puters. Then we capitalized on their interest and initiative by holding inservice 
workshops and paying for graduate-level courses. Later, as more equipment 
was acquired and the tasks became more involved, a technology specialist was 
hired to assist with equipment, software evaluation and selection, and ongoing 
staff development. Further evaluation of our program determined that a com- 
puter aide was needed to handle the daily management of the computer labs. 
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Outstanding teachers, administrative encouragement, and technical support for 
teacher efforts have brought our program to its current level. 

Where We Aff Now 

As improved programs and software become available, we continue to 
modify and replace portions of our current programs and activities. 

We have used the computer language LOGO for more than six years. 
LOGO was selected bt. ause of its versatility and ability to address abstract 
thinking and problem-solving skills. For the hst fowr years, LOGO instruction 
has been provided during one mathematics period per week for all grade 2-5 
classes throughout most of the school year. 

Initially, teachers taught LOGO to the students by encouraging them to 
make "discoveries." hi subsequent years, this method resulted in a duplication 
of activities that students had done previously. We found a need to bring struc- 
ture to the LOGO curriculum to assiu-e that students could work on 
"discovering** different things at subsequent grade le\'ek. This format has been 
successful for our program. First and second grade students learn about spatial 
relationships, shape recognition, patterns, and 90-degree turns. Third grade 
classes concentrate on acute and obtuse angles and triangles. Fourth graders 
work with polygons, circles, and ordered pairs. Students in fifth grade explore 
music by computer, binary codes (sprites), four-quadrant graphing, and pro- 
jects with pattern blocks and their geometric properties. 

Although LOGO continues to be a big part of our math curriculum, other 
effective mathematics software programs have been mcorporated to match our 
curriculum needs. Some of these include Bumbk Games and Bumbk Plot for co- 
ordinate geometry; Easy Graph for generating graphs; a compendium of 
programs for computational sldlls drill and practice; and problem-solving soft- 
ware to practice memory-building, discrimination skills, and more advanced 
problem-solving strategies. 

Besides LOGO, oiu- early experiences with the computer included great 
successes using word processing with special education students. When taught 
word-processing sldlls, learning-disabled students who were reluctant writers 
began producing lengthy, well-written papers. These students began to express 
themselves ehectively through writing — something they had rarely done be- 
fore. We suspected that word processing could help all students with their 
writing and might easily fit into the instructional program. 

Writing skills have long been emphasized with our students, and our 
Writing Skills Curriculum has been in place for more than 12 years. This pro- 
gram provides skill goals and expectations for students and teachers in creative 
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and expositoiy writing. Staff members have also participated in workshops and 
graduate courses, including a local Bay-Area Writing Projects Word processing 
is now an integral part of our writing program. 

Currently, 2nd grade teachers introduce the computer as a word-process- 
ing tool during language arts class. Students are taught to find the keys on the 
keyboard and encouraged to use both hands. Simple word-processing activities 
are provided during the course of the year. 

Third grade students begin to learn keyboarding using the software 
pzcksigp Microtype: The Wonderful World of Paws, Qassroom sets of "Typeright" 
keyboards are also used for keyboarding practice. Teachers assign writing 
projects to be completed on the computer. These assignments give students 
reasons and reinforcement for word processing and keyboarding. Keyboarding 
and word-processing activities begun at Grade 3 are extended at Grades 4 
and 5. 

Word processing has been used to produce student newspapers, to "pub- 
lish" student writing as part of the writing process, and to compile an annual 
literary magazine of student work. One 5th grade class even used word process- 
ing to communicate with pen pals via modem. 

Because of the limited instructional time available and the need for con- 
stant practice, keyboarding remains problematic. Word processing is an 
individualized activity that requires one computer per student and cannot be 
done without easy access to a printer. Rotating students through one classroom 
computer takes an inordinate amount of time. Therefore, most word-process- 
ing instruction is done in the full computer lab or mini-lab where computers 
are networked to printers. Using parent volunteers has given us even more flex- 
ibility with word processing because some teachers prefer to work in their 
rooms and send students to the lab when ready. Word processing is an effective 
addition to the instructional program but is not without its time, organiza- 
tional, and financial constraints. 

Using technology to enhance the science, social studies, and health pro- 
grams is a challenge because of the difficulty of identifying quality materials 
that match our curriculum objectives. One of our current favorites, Oregon 
Traily is a good simulation to illustrate the struggles the pioneers experienced. 
This correlates well with the "Family of Man" Grade 3 social studies unit on 
the California Gold Rush. The Where in the U.Sji. b Carmen Sandiegp? pro- 
gram provides students v/ith an opportunity to extend and reinforce 
information learned in the 4th grade social studies program and practice library 
skills. At Grades 4 and 5, we have integrated The Voyage of the Mimi into the 
science curriculum. Not only does this program use videotapes and computer 
software, but it also includes laboratory probes that are attached to the 
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computer and used as measuring tools in hands-on scientific experiments. 
Student appreciation of science has increased to such an extent that we plan to 
use Seamd Voyage of the Mimi at the 5th grade level. 

Technology is used in numerous settings outside ttic regular classroom. A 
wide variety of reading and language arts software is used in the ESL classes 
and by the Chapter I reading teacher. Besides using the computers for instruc- 
tional purposes, die special education teachers have found test-scoring software 
and programs to help produce well-constructed DEPs (individual educational 
plans). Even the physical education teachers use computers to record student 
physical fitness statistics. Our library is in the process of moving towards a 
computerized circulation and cataloging system. And computers are used by 
after-school clubs such as the Technology Club and the Young Astronauts. 

Program Evaluation 

It has been difficult to evaluate the impact of new technologies, especially 
the computer, on student achievement. We have observed increases in students' 
writings and abilities to solve increasingly abstract problems. However, neither 
improvement can be attributed solely to computer use, since our total instruc- 
tional prugram is never static. We are continually finding new and better ways 
to teach language arts and mathematics, thus making it difficult to iso^^vte and 
evaluate the different components in our educational "mix." 

We can point to a few instances that indicate that computer use has made 
a cognitive difference. For example, several years ago we replaced one mathe- 
matics period per week with a LOGO class at Grades 2 through 5. We had no 
way of knowing how this change would affect our students' standardized test 
results. Interestingly, the scores were as high as before, and they have been as 
high or higher each year since. Although test scores are a positive indicator, o^ 
more importance to us is our day-to-day observation of students enthusiajd- 
cally and productively engaged in learning. 

Strongest Feature of the Program 

The strongest teatuire of our use of technology is a persistent effort to 
integrate the couiputer into all aspects of the school curriculums. Additionally, 
realistic support has been provided to teachers to use technology effectively. 
Our technical support has increased from virtually none to our airrent staff of 
a professional technology specialist to work with teachers, hardware, software, 
and curriculum, and a teacher's aide to assist in the computer labs on a daily 
basis. 
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The ability to respond quickly to the needs of students and curriculum is 
another strength. This includes a keen awareness of student needs and techno- 
logical advances, creative management, and a willingness to reallocate available 
funds. 

Finally, our program reflects a vision of the possible. We make every effort 
to perceive technological advances as opportunities and challenges. 

Future of the Program 

Because of the positive orientation of the staff and community toward 
technology and its important role in education, we anticipate continued 
change, growth, and improvement in our use of existing and emerging tech- 
nologies. Much of what we have been doing will probably continue with 
modifications as we learn of new and better techniques and approaches. 

As we learn more about the effective application of technology to learn- 
ing, we will undoubtedly place <?reater emphasis on meeting individual student 
needs through technology. Sinct the ability to access information is of increas- 
ingly critical importance in our society, v/c are beginning to teach database 
search skills and use databases in the content subjects. Interactive video disc 
technology will be used more and more within the next few yeare. Finally, with 
the advent of telecommunications and interactive satellite television, distance 
learning will significantly increase the range of learning opportimities for stu- 
dents, staff, and community. 

* * * 



It is important to remember that change happens in small steps. The chal- 
lenge now is to take enou^ small steps to keep up widi the giant steps that 
technology is making in our world every day. No wonder that many educators 
are fearful of technology. It is quite possible diat we are seeing the beginning of 
activities that will dramatically alter schooling as we have known it. But, in 
spite of the fact that technology's ever-changing nature is a constant frustra- 
tion, its promises for the future are a visionary's delight 
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Contact: Steve Williams 

Forest Hills Central High School 
5901 Hall Street 
Grand Rapids, MI 49506 

Program Background 

In 1984, Forest Hills Central High School, a suburban hig^ school of 
1,000 students in grades 9-12 located near Grand Rapids, Michigan, began to 
look at die future of its educational program. A group of business leaders, par- 
ents, college educators, administrators, teachers, and students was formed to 
make recommendations about the overall directions the district should focus 
on. They produced a study tided Focus on the Decade Ahead. 

After one year of visitations, data gathering, and issues analysis, it became 
apparent that certain educational changes needed to take place if our students 
are to be successful in die world of the 2 1st century. One of the study's strong- 
est recommendations was for the district to foois on effective use of the 
technologies that were akeady significandy affecting the business world and 
transforming our society from an industrial-based economy to one driven by 
information. The world ^vas changing, but our educational program remained 
one designed to meet the needs of a society that was rapidly disappearing. 

A study on the need to construct a new high school occurred simulta- 
neously widi the educational program. It became apparent that as old 
educational programs could not support new educational needs, buildings 
designed to support educational programs of the past would not be adequate to 
meet the needs of an information-age curriculum. V/e knew that access to in- 
formation from a variety of resoiurces located in various places in this country 
and abroad is essential to support an educational program that focuses on devel- 
oping thinking and information processing skills — the key skills needed to be 
successful in the 21st century. The question then arose, "How do you provide a 
facility that enables students, teachers, administrators, and sta^ access to the 
information they may need today and in the furure?" 

The answer — network the facility. 

StUcting a CommunkiOions System 

After a significant amount of searching on our part, and with the assis- 
tance of a consultant from Wayne State University, we discovered a 
communications system that would network all instructional and administrative 
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areas of the school for video, voice, and data communications. The system— 
TEKNETI — is divided into administrative and instructional components 
coordinated through video, computer, and telephone switching systems. 

The instructional component, which is housed in the media center, con- 
sists of a bank of videotape recorders and access to the local cable system and 
two satellite receivers. Access to resources through these technologies is han- 
dled through a control panel and television monitor in each classroom and 
office. The control panel consists of a television channel selector, a telephone 
(used to access the VCRs and act as a remote control for them, as well as being 
a regulaj- telephone), two data lines allowing classroom access to databases, and 
two RF (radio frequency) connectors allowing internal audio/video broadcasts 
between, any combination of rooms and/or offices in die building. 

The administrative area houses the administrative part of the system, 
which controls die class change time, public address system, the time appearing 
on a dedicated channel on all TV monitors, a vandal alarm system, and an elec- 
tronic bulletin board for announcements. 

Program Implementation 

Wliile the nuts and bolts of this communications system are intriguing, 
the syst(!m is of litde significance if it is not used. The key to achieving maxi- 
mum use was, and continues to be, a heavy emphasis on staff development 
consisting of three components. First, each staff member received an individu- 
alized session on basic operation and uses of the system. Second, and more 
important, a long-term plan giving each curriculum department a one-day 
inservice during school rime was developed and focused on the following 
elements: 

• Research on effective uses of technology in learning, 

• Ov erview of technologies and their capabilities, 

• Brainstorming potential uses of technologies, 

• Effiei^ive learning and teaching activities and methods, 

• Classroom use and management alternatives, 

• Identification and evaluation of resources, and 

• Technical and other support available. 

The final element consists of coaching and support from the computer/ 
video video paraprofessionals and myself. This means taking the teachers' ideas 
and translating them into specific instructional activities diat can be first 
piloted and then used in general classroom applications. We have found that 
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\vithout this last phase of staff development, little real change in instructional 
design and delivery would have taken place. 

Current Uses 

IVorld Studies. World studies classes, a required course for seniors, focuses 
on understanding concepts that interconnect the countries of the world. 
Through the use of technologies, our students have the opportunity to gather 
and analyze information from sources around die world that previously have 
been available only to news media and government. For example, by viewing 
news programs from Lebanon, via satellite, our students see first-hand the 
effects of the violence in that conflict-torn nation. Seeing news broadcasts from 
different countries with different perspectives on the same issues gives our 
students the opportunity to develop analjtical skills based on real-world expe- 
riences. 

Wcrid studies students have direct classroom access through a computer 
and modem to GEMNET's Global Information Network, a group of databases 
providing ne\^^ stories from developing countries. United Nations speeches 
and resoluriom. and an electronic mail system to and from students in other 
countries. This type of hard-to-find information is a key element in achieving 
our goal: helping students develop the ability to analyze complicated concepts 
and issues from different perspectives. 

In addition, students in these classes are required to prepare a video or 
multimedia presen ution demonstrating their research skills and analytical 
skills, undei standing of world issues and concepts, and ability to communicate 
through a sc ipt anc visual presentation. In the near future, we will be using 
HyperCard to ievelop these presentations by letting the students integrate 
video, graphic, and text. The TEKNET communications system will allow 
these presentat as to be stored in a central databank and shared with other 
classes. 

In evaluatinj *^he iise of these technologies and more important this 
approach to leanL.^g, v/e have round a significant decrease in the number of 
students who have iled this course since this approach was developed (some 
semesters the failui.,, rate is zero). During parent-teacher conferences, numer- 
ous parents mention \! at their children regularly discuss world issues and 
events witli them. The ^ledia presentations, in general, are outstanding for 
summarizing major coi t tfpts and issues, and a number of students each semes- 
ter ask that a videotape k , lade of their presentations so that they can show it 
to their parents or gran f ^nts. In addition, preliminary results of studies 
involving students who jJi^ m .-e a presentation that visually portrays their 
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understanding of issues and concepts shows that they have at least an 00 per- 
cent retention rate six months after the end of the course compared to a 20 
percent retention rate for students in a traditionally taught class. 

Earth Science, A computer and modem through the TEKNET system is 
also used by earth science students to access weather data from the NOAA 
database. With this raw data, students plot weather maps, learn about the 
movement of weather fronts, analyze and predict local weather forecasts, and, 
above all, get real-world experiences in an area of science that wiU affect them 
all their lives. 

Initial evaluation of diis unit indicates that students develop a deeper 
understanding of weather concepts as evidenced by improved test scores and 
the ability to predict weather using the same methodology as professional mete- 
orologists. 

Art Computer technology is being used at Forest Hills Central in all art 
classes. Students use graphics software for a myriad projects requiring them to 
use their creative talents. For example, students attach a video camera to a com- 
puter to capture an image that they then manipulate with the computer 
software to create a new image. The technologies have become nearly as essen- 
tial as the paind>rush. In feet, they have opened the wonderful world of art to a 
whole new group of students who have been interested in computers but not 
art At the same time, art students who feared computers now develop individ- 
ual computer art shows. 

At regular intervals, the computer art shows are broadcast through the 
TEKNET system to all classes. So as the students showcase dieir talents, the 
art department has a buih-in advertising campaign for their classes. 

Television Journalism Course, The TEKNET communications system has 
given birth to a new course— television journalism. The course focuses on a 
weekly school news program— FORECAST EXPOSURE— developed entirely 
by the students. Students rotate through tasks that involve scriptwriting, cam- 
era and audio work, directing, and producing. The program generally revolves 
around a Phil Donahue format in which students can respond to a panel discus- 
sion directly in their classroom via telephone. The subject matter has included 
drugs on campus, teen suicide, graduation requirements, college admissions, 
the role of the student council, the "best" places to go for spring vacation, and 
question-and-answer sessions with the superintendent and principal. The 
co\u^e and programs have been an unqualified success in developing communi- 
cations skills for the students involved and providing a communications forum 
for students, teachers, and administrators. 

Writing and Technology, The National School Board Association and Cable 
Ne\vs Network (CNN) combined forces to offer a unique service called News 
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Access that utilizes CNN's weekly news summary as a vehicle for numerous 
learning opportunities. News access provides a complete learning guide, sum- 
mary sheet, and ideas for classroom activities in all areas of the cuiriculum 
through COMPUSERVE, a national telecommunications service we access 
through die data lines in the TEKNET system. 

Althou^ activities abound for many learning purposes, we focus on using 
these sources as a vehicle for creative writing activities in language arts, sodal 
studies, and sdeiice classes. In as many classes as possible, studwiits use word 
processing for prewriting, writing, and revising their creative writing assign- 
mer>ts. 

Since we began using News access, we have found students' writing to be 
of higher quality in terms of development of ideas, grammar, and punctuation. 
Students' concentration levels have also increased. 

Business and Tekcommunicatiom, The business department uses the 
TEKNET communications system wiring to set up an electronic bulletin 
board and electronic mail between two of our computer labs. This allows our 
students hands-on experience with telecommunications without the expense 
and complications of accusing an external system. 

Math and Technology. In 1985, a teacher of consmner and general math be- 
came frustrated with the results from those classes. The students (lith and 
12th graders) could not apply the math skills they were being taught. They 
knew 40 percent of 5 was 2 but could not figure the mor^ge rate on a house. 

To overcome this, several changes were m^de. First, the textbook became 
a supplemental resource to a series of real-world leamiiig activities that incor- 
porated the math skills. For example, students selected a career they were 
interested in, researched the take-home pay they would earn, went to a car 
dealer to get the price of a car, went to at least two places for a car loan, and 
then figured out the amount they could afford to pay for a car based upon the 
price of the car, the loan payment, and their income. These activities take up 
three of the five days a week, with basic math skill development worked on the 
other two days. 

Basic skills development is done with two technology-based resources. 
Two days a week, half of the class works on a computer-managed math skill 
program from S.R.A. Students perform a pretest placing them in a sequential 
series of lessons in which they must pass each lesson with at least an 80 percent 
acoiraq' rate before proceeding to the next lesson. These records are stored on 
the computer for review by the teacher. The other half of the class works with 
their teacher and a videodisc package from Systems Impact. The videodisc 
contains direct skills instruction (taught using methods addressing different 
learning styles), provides guided practice, and gives tests for each skill. The 
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teacher inor'«'ors the activity of each student, answers questions, and advances 
the videodisc to the next sldll level when all of the students have passed the test 
for that skill. 

The results of this J^nproach have been overwhelming. In two and a half 
years, no student h^^^ received lower than a C in this course, impressive consid- 
ering many of these students had failed math classes before and the tests given 
are twice as difEcvJt as those given to students in the previous classes using tra- 
ditional methods. In addition, three weeks of additional skills are taught in this 
class because students learn the skills much more quickly than in the previous 
approach to the class. Another major benefit has been the marked decrease in 
discipline problems (student: L-: this class tended to have discipline problems in 
other Classes). 

Teaching and Learning Implications 

After three years of refocusing our high school with the assistance of the 
TEKNET communications system and a variety of other technologies and in- 
structional resources, we are finding the learning environment has become 
more learner-centered and less teacher-directcu. The teacher manages the envi- 
ronment and acts as a "learning coach" and instructional designer. The teacher 
designs learning activities that develop a variety of thinking and learning skills 
that the learner uses to transform information into knowledge. The important 
implication is that while in the future new information may make previously- 
learned knowledge obsolete, the students have mastered the skills needed to 
transform this new information into new knowledge, lechnological tools allow 
this educational transformation to take place. 

Obstacles 

Wi^h any change, especially changes of this magnitude, there is resistance. 
Teachers who have taught with the same style for 20 to 30 years and students 
who are used to traditional methods of education were initially hesitant. How- 
ever, the active nature of these new teaching and learning metiiods, along with 
the paiticipatory nature of insendces, has largely overcome resistance. 

Another obstacle was financing the technologies and related resources. 
Fortunately, our conununity voted funding to build the new school with the 
TEKNET communications system, and the district administration budgeted 
the needed vdoUars for staff development. And because much of the educational 
change was b-ased upon the use of multiple resources instead of textbooks, a 
portion of ;he finances for resources came from monies that would have gone 
for textbooks. 
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The remaining obstacle is the development of additional methods of evalu- 
ating learning. The questions are "How do you evaluate diinldng and related 
skills?" 4!)d "How do you evaluate the impact of technologies?'' To answer 
these questions we have conL.'acted with Wayne State University to develop 
evaluation models for assessing learning outcomes and the efFectbeness of 
using technologies in the learning process. 



★ ★ ★ 



While much of what I have written about involves inanimate objects of 
technology, these alone could not have accomplished the results I have noted — 
nor could the/ provide the expected results in die future without education 
centered around the ancient proverb, 



Tell me, I forget. 
Show me, I remember. 
Involve me, I understand. 

And this will not happen without the most critical element of all — 
PEOPLE-^pecially dedicated, knowledgeable teachers, administrators, and 
community members. Fortunately, our district is blessed with an abundance of 
these people who deserve the credit for present and future accomplishments. 
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Corona-Norco Unified School District: 
Exemplary Programs Integrating Technology 

Contact: Thomas Wilson 

Coordinator of Technological Education 
Corona-Norco Unified School District 
Corona, California 

The Corona-Norco Unified School District, serving both communities in 
Califomiji, is a suburban district located about forty miles east of Los Angeles. 
The district haj> a K-12 enrollment in its 26 schools of 20,000 students, of 
which 3 1 percent are Hispanic. 

Overview of the Program 

The Corona-Norco Unified School District has engaged in short-term 
and long-range planning to effectively integrate technology into all curricular 
areas and grade levels to revitalize and transform instruction-~to change the 
ways teachers teach and students leam. To finance the acquisition of equip- 
ment, the district looked for help from a number of sources. Parent groups 
bought or donated thousands of dollars worth of h^rdv/are and software. Major 
companies such as AT&T, Ford, General Dynamics, and others loaned or 
donated equipment or helped the district buy it. Local businesses contributed, 
too. Grants from the California State Department of Education also gave the 
district a financial boost. 

The following is a brief description of four of the district's exemplary pro- 
grams tliat successfiilly integrate technology into the curricuhun. Two of the 
practices, the first and last, can be used at all grade levels. The second program 
is a secondary course, and the third program is an elementary intervention. 

Video Microscopy 

The Corona-Norco Unified School District is verj^ pleased with the suc- 
cess it has experienced with the Video Microscopy Teaching Station in 
elementary and secondary schools. The teaching station can be ordered in 
several different configurations; however, the system used most in the district is 
from Video Systems, Inc., a subsidiary of Southland Instruments. This system 
incorporates the use of a color video camera on a boom, large-screen monitor, 
small control monitor, stereoscopic dissecting microscope, binocular- 
compound microscope, electronic pointer, dual goose-neck fiber optic 
variable-intensity lights, and a mobile cart with a security cover. The system is 
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expandable and can be connected to a video cassette lecorder-player to pro- 
duce lessons uniquely adapted to any progranri. 

The video microscopy system is versatile, is easy to use, and serves several 
important purposes. The program is designed to improve student learning, 
stimulate cognitive development, create interest in science and science-related 
careers, provide effective large-group instruction, and allow the teacher to 
choose material that fits into the class structure and curricnilum rather than 
being restricted to textual or prerecorded material. 

Teachers and students can use the video camera to develop a lesson by 
selecting live specimens, photographs, or odier printed materials to show to an 
entire class. Many lessons can be developed from just one slide. 

When students view the television monitor, it may show a flower, for ex- 
ample, that has been plaa:d on the copy stand. By changing the camera lens, 
the flower can be moved to the dissecting microscope. The flower can now be 
seen in more detail. The stamen and pistil are magnified. When the camera is 
moved to the stereo microscope, pollen grains become visible to the naked eye. 
And this entire exercise could have been recorded on videotape including the 
teacher's narrative. 

The video microscopy system, using the stereoscopic dissection scope, can 
be used to show small orga^iisms such as mites, fleas, spiders, soil, pollen, and 
plankton. It can also magnify parts of larger organisms up to 45 times. Students 
often bring their own specimens to school to view, record, and share with oth- 
ers. Students can even take their work home on videotape to share with their 
families. 

The compound microscope is an essential part of the video microscopy 
system. It allows students to investigate the microbial world. Bacteria, proto- 
zoa, fungi, and microscopic nonliving samples can be magnified up to 1,000 
times using this type of microscope. When asked to find water samples contain- 
ing a variety of microbes, students can use this system to share their samples 
with the class. Specimens of special interest can also be recorded and played 
back for study at a later date. 

The ui>e of the Video Microscopy Teaching Station has become an impor- 
tant part of the science classroom environment Students have learned to 
prepare slides and operate the equipment. They have observed such things as 
single-celled organisms, circulation within a living animal, insect^ and their 
structure, and plant and animal cells. This new technological tool makes stu- 
dents at both the elementary and secondary level more enthusiastic about 
science. 
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DcsigH-Manitfactiiring Technology 

The Design-Manufecturing Technology program at Corona Senior High 
School is an advanced industrial arts course for 12th grade students that com- 
bines lessons in drafting and metals. The two-semester course is designed to 
reinforce academic learning, promote creativity, role play industrial settings, 
and develop vocational skills. The program was funded primarily with voca- 
tional education monies. 

Through the Design-Manufacturing program, students learn components 
of design, drafting, computer numerically controlled programming and machin- 
ing, computer-aided drafting, and technical report writing. Students are also 
given the opportunity to study robotics, hydraulics, pneimiatics, mechanics, 
and plastic injection molding. Each student's goal is to design and manufacture 
a high-quality, marketable product in a simulated industrial setting using state- 
of-the-art technological equipment. 

During the first semester, students prepare for the task by using manual 
drawing and machining techniques. Assignments in basic print readmg intro- 
duce the student to various numeric systems of measurement used in working 
drawings. These assignments explore common drawing standards, dimension- 
ing, and shop notes used in manufacturing. Pictorial drawings are also covered 
to assist the student witli visualizing the product 

During the second semerter, emphasis is placed on computer systems, soft- 
ware, and product development. Before students begin computer-aided 
drafting, they review basic mechanical drawing concepts. The students learn to 
properly use tools on the drafting table while reviewing lettering, sJ^etching, 
and production drawing techniques. 

Once the students master the basics, computer-aided drafting is mtro- 
duced. With the use of an IBM-compatible computer and Auto Cad software 
by Autodesk, Inc., students draw, edit, and plot working or pictorial drawmgs 
on the computer. 

Once students have a basic understanding of print rejiding, mechanical 
drawing, and computer-aided drafting, they are introduced to the machine tool 
process. The first step in machine tooling mvolves learning to measure with 
rules and precision instruments such as micrometers, vernier calipers, and dial 
indicators. Students also perform exercises designed to develop an understand- 
ing of the standard engine lathe and milling machine. 

VWth a strong emphasis placed on safety, computer-aided manufacturing is 
introduced as the final simulated industrial element. First, students work with 
computer numerically controlled (CNC) programming. Basic machine lan- 
guage "G" codes are reviewed for cutting actions on the CNC lathe and mill. 
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Each student writes 3 tool path program using the cartesian coordinate system. 
With the help of an initial working drawing, the students produce pi^liminary 
program sketches, which are drawn five times their actual size. The programs 
are then input into an Apple computer using the Emcu-Maier "Link-up Box" 
software program. TTiis software and computer system allows students to simu- 
late machine turning, plot out tool path graphs, and print out data. The 
students are then ready to transmit the program to the host computer on the 
CNC lathe or mill. The finished products become reward Sor jobs well done. 

Throughout the entire manufacturing process, smdents compile a tech- 
nical report manual that applies and reinforces the academic learning. Word 
processing is incorporated. Each report includes a student-produced narrative 
description of the project, completed technical drawings, computer programs, 
tool path plots, and a quality control study. 

Students' enthusiasm and interest run high when they are given the oppor- 
tunity to design, draft, program, and manufacture products using technological 
machining systems. After successful completion of this class, students are better 
prepared for college-level engineering courses and entry into hi-tech industries. 

Computer Checkout Program 

The innovative, elementary school Computer Checkout Program provides 
students with assistance in using the computer. Students are trained in the use 
of microcomputer hardware and software in school. Parents of students in 
grades 4 to 6 are then permitted to "checkout" and take home the computer 
equipment and programs. At home, parents connect the computers to their 
own television sets and use the equipment to teach and reinrorce the skills their 
children are learning in math and language arts. Radio Shack Color Comput- 
ers, color television sets, and software programs are used in the program. 

The Computer Checkout Program is intended to sen'e several purposes. 
The primary program objectives are to reinforce the basic skills through the 
use of computer-assisted instruction (CAI); increase interactive rather than pas- 
sive use of leisuie time; stimulate learning and cognitive development; increase 
instructional time; improve the learning environment at home; increase com- 
munication between teacher, parent, and child; and promote computer literacy. 

The equipment and software are located in a classroom for CAI during 
the regular school day. The equipment and software are also available for par- 
ents of intermediate students to checkout during the week, and over holidays, 
weekends, and vacations during the school year. However, parents must first 
attend one of two orientation meetings offered during the year and complete a 
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Program Participant's Card. The training time required for both teachers and 
parents is minimal. 

During a school^ orientation meeting, the teacher explains to the parents 
the procedures used to check out and check in computers and software; gives 
instructions on the setup and use of equipment and software; and provides help- 
ful hints concerning equipment security in the home, supervision of home use, 
ano care and maintenance of die equipment The classroom teachers pre- 
assign specific software programs to each family; taking into consideration 
students' needs. Parents may checkout two software packages and a computer 
for tliC same period of time. 

The computer provides a well-designed teaching outline based on sound 
education principles. This is espedally helpfal for parents who are eager to 
help their children but have little or no teaching experience. The computer 
provides parents and children with the opportunity to learn together. 

Tbe Video Tennpaper on Historical Subjects 

The video termpaper is one of the most exciting new applications of 
research technology m school-site, library resource centers. The conpept of a 
video termpaper involves the integration of various technologies, including 
videodisc, videotape, CD-ROM, on-line database retrieval services, and 
camcorders. Teams of students in both elementary and secondary schools in the 
Corona-Norco Unified School District have developed multimedia reports. 
The reports have been primarily on historical subjects. 

Once a small group of three or four students has received its assignment 
tom a teacher and selected a historical research topic, the team creates a pre- 
liminary outline for its report and conducts initial research. The students 
research the topic using the various sources of information in the school's 
library resource center. They begin by taking notes while looking through vari- 
ous books, periodicals, journals, and other print resourc. Students find it 
valuable to review resource materials and select still and motion fihn clips from 
various videodiscs such as the Video Encyclopedia of the 20th Century. 

The video encyclopedia is a set of 40 archival videodiscs from CEL Educa- 
tional Resources, which includes original stills and motion pictures of nearly 
every major event that has affected American culture since 1893. Students can 
also conduct additional research by going on line with a database retrieval ser- 
vice such as DIALOG, or employing Grolier's Electronic Encyclopedia, a 
CD-ROM application. DIALOG is a comprehensive information resource — a 
computer-based, on-line system allowing students instant access to summaries 
of articles and reports, detailed financial data, and directory listings of compa- 
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nies, statistics, and iull-text articles and newswires from hundreds of databases. 
The service requires a computer, printer, modem, communications software, 
telephone connection, and subscription to DIALOG- 

Alter the initial research is done, students begin writing their report^s pre- 
liminary script The team members meet to disctiss their research and 
cooperatively develop the presentation s video production script, which incor- 
porates printed resources, electronic database retrieval service infGnnation» still 
pictures, motion pictures from videodiscs, fibning, and editing. The students 
meet several times to revise and improve the script and discuss the sets and 
techniques needed for filming and editing the production. 

After several video rehearsals, the student team advances to die next 
phase, video production. "Wdeo production involves using video technology 
and equipment such as VCRs, video disc players, and camcorders as the tools 
of creation to develop an idea and explore a subject by sequencing visual im- 
ages. The members of the team also film each other presenting portions of the 
narrative. 

Once the fibning is completed, post-production begins. Post-production 
consists of logging, editing, sound mixing, and narration. The logging and edit- 
ing functions are done by the students on a control panel, player, and 
player-recorder. Sound production is done by interfacing stereo components 
and a microphone through a sound mixer. 

The development of video termpapers enables students to rover selected 
topics more deeply and emerge from the video experience with greater reten- 
tion than is gained from a traditional textbook approach. Students also expand 
their creative potential and develop technical knowledge and skills. Video pro- 
duction alone requires students to apply or develop new skills in mathematics, 
language arts, problem solving, drama, and research. 

\^deo images can convey the subtleties of people, places, and events, and 
the feelings that events inspired. A textbook can tell a student — but not show a 
student. Video termpapers show students at their best 




Technology in Tippecanoe 

Contact: Joanne Troutner 

Coordinator for Instructional Support 
Tippecanoe School Corporation 
21 Elston Road 
Lafayette, Ind. 
(317)474-2481 

District Background 

Tippecanoe School Corporation (TSC), Lafayette, Indiana, is in an area 
that is both rural and suburban. The school district forms a dou^inut around 
the urban districts of Lafayette and West Lafayette. The northern end of the 
district holds suburban areas adjacent to Purdue University, the southern sec- 
tion possesses some of the richest farmland in the Midwest This mixture 
provides an intermingling of approximately 7,500 students who attend the two 
9-12 high schools, five 6-8 middle schools, and seven K-5 elementary schools. 
The technology program in Tippecanoe permeates each of these schools to 
varying degrees. 

Program Background 

The propram resulted from a question asked by the TSC school board 
president about six years ago. The question was simple: "How do we know our 
students are learning what we say we are teaching?" The answer proved to be 
quite complex. Standardized test scores did not address the question for every 
section of the TSC curriculum. Report card grades were a general measure, 
but did not provide a true picture of what concepts students had mastered. 
TSC^ inability to answer this question led to the development of a six- to eight 
year plan for die implementation of a criterion-reference-based testing system 
tliroughout the corporation. The development and initial phases of this testing 
system pointed out the need for a technology system that would help with the 
individualized instructional needs identified by the tests. 

This program currently affects the entire student population. The entire 
TSC technology program, as well as die curriailum portion (the Instructional 
Support System), was developed to provide teachers with die means to better 
identify individual students' learning needs. The purpose of these programs is 
seven fold: 

L To e/aluate how well students are achieving the corporation's educa- 
tional obje<.tives. 
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2. To more clearly define academic strengths and weaknesses of individual 
students, as well as the entire student population. 

3. To more clearly define instructioral strengths and weaknesses. 

4. To provide clearer direction for student remediati.on and advanced 
placement. 

5. To improve the guidance and counseling of individual students based 
upon the student's specific skill level. 

6. To allow staff, students, and pe^rents to better focus on specific student 
needs, thus impioving commimicauon between interested parties. 

7. To provide specific feedback for evaluating the appropriateness of cur- 
riculum objectives, particularly at the elementary school level. 

The school district began working toward these goals by developing an 
administrative computer networks The IBM System 36 at the Central Office 
holds the curriculum objective database and the student information database 
for the entire district. System 36 computers at each of the high schools and 
middle schools are used for student information, attendance, and grade data. 

To address the instructional implications of these goals, in October 1987, 
TSC purchased ten networked computer labs of at least 30 IBM PS/2 Model 
25 workstations with a PS/2 Model 60 file server with 140 megabytes of hard 
disk storage. In addition, at the elementary le\'el, a full complement of /7]M 
basic skills software in the areas of reading, language arts, math, and keyboard- 
ing, and two word processing programs, a database management program, and 
Logo Writer were acquired. At the high schools, software bou^t included 
Microsoft Works and IBM basic skill programs in the areas of reading, lan- 
guage arts, math, keyboarding, science^ and upper-level math programs. 
Software for the middle school labs included Microsoft Works, Linkway (an 
IBM hypertext tool), and basic skills programs. 

The computer labs have been put into each elementary and higji school 
with a minimum of building renovation, usually only the running of network- 
ing cables and rewiring to have adequate electricity. In two elementary schools 
that did not have room for a separate computer lab, the workstations are still 
networked, but two or three workstations are put into each room. The high 
school labs were put into the existing library media centers. Initial teacher 
training was conducted by IBM over teacher inservice days in October 1987. 
This involved becoming familiar with setting up access to courseware for stu- 
dents and being exposed to the courseware itself. IBM also provided onslte 
trainers for the firet week of November who were available on a rotating basis 
in each building. 



206 



Technology in Tippecanoe 



In December 1987, TSC created the position of Coordinator for Instruc- 
tional Support. The Coordinator's duties include staff development and 
troubl^hooring. As part of staff development, teachers were provided with sup- 
port using the basic skills software at the elementary schools. The use of word 
processing was given the hi^est priority at the high schools. I provided a two- 
day unit on learning to use the word processor for the classes of any high 
school English teacher who wished to use the network The key to our initial 
success was not only staff support, but the feet that staff membere were not 
mandated to use the computer labs. The administration took the stance that 
the corporation was simply providing another tool for teachers to use with in- 
struction. 

Sununer brought an intensive round of inservice workshops. Teachers in 
TSC had the option of taking sessions on Microsoft Works; a graphics pro- 
gram, Storyboard Plus; LogoWriter; curriculum integiation for primary grades 
(K- 3); and curriculum integration for intermediate grades (4-5). TTiese work- 
shops were conducted by the Coordinator for Instructional Supporc and a team 
of teachers who have developed expertise in these areas throughout the time 
the networks nad been in operation. 

Technology Projects 

Summer also brought the addition of three special technology projects to 
TSC. First was the use of a studen*- management system called Litegrated 
Instructional Management Tool (IIMT). This projn^ is currently being used 
on a pilot basis with the help of IBM. IIMT allows the teachers to have access 
to the TSC curriculum objective database stored on the Centi'al Office System 
36. The program allows teachers to make use of an electronic gradebook and 
track students* progress as related to each curriculum objective in the areas of 
language arts, math, science, and social studies. A test scanning program allows 
for machine scoring of multiple choice tests and sends these grades to the com- 
puter gradebook. Mastery on objectives can be updated on the basis of a grade 
from die gradebook or teacher observation. The system also allows for the 
development of an individualized prescription including library materials, text- 
book resources, and learning kits for the student who has not mastered an 
objective. In additi:)n, IIMT will also set the starting jilace or "bookmark" in 
the bafic skills for each smdent based on die stored mastery information. 

A state-funded grant for a bJgh school "Classroom Without Walls" 
brought about the second project This endeavor provided students in diree 
sections of Chemistry I with access to eight computers connected to the exist- 
ing computer network m die school. Students and teachers use a variety of 
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software developed by cOMPress, Inc., Project Seraphim, Microsoft Works, 
and the IBM Math Expieradon Toolkit. The teachers also have a liquid crystal 
display available for use with the teacher workstation. This allows teachers to 
show class statistics on a unit test {rem the computerized gradebook, to illus- 
trate a graphing technique for use in a lab report, and to use the computer as 
an overhead with some of the software. 

Students in the computer-using chemistry classes were offered instruction 
in using Microsoft Works during two afternoon sessions the week before 
school started. The teachers spent the summer designing lab reports that make 
use of the tools available in Microsoft Works. One example of computer inte- 
gration is an experiment dealing with the thickness of an aluminum sheet 
Students are introduced to the concept of accuracy' and experimental precision 
as they use a spreadsheet to help view how their individual experimental data 
differ from an experimental average value. The tempbve for die experiment is 
>stored on the network for use by all students. The students use the graphing 
functions available in Microsoft Works to complete the lab report. Finally, the 
students send lab reports to Purdue University chemistry graduate students via 
modem for review before the reports are turned in to their teachers. 

The third project, the G)mputer-in-the-Home or Buddy project was spon- 
sored by private corporations with help from the Indiana Department of 
Education. Through this project, fourth-grade students at one elementary 
school have a ten-station, networked computer lab in each of their classrooms. 
These students also have a computer at tlieir home. The students and their 
families were provided with an IBM PS/2 Model 25 with a 20 megabyte hard 
drive, a printer, a modem, and all the IBM basic skills programs, the entire As- 
sistant series as tool software, a graphics program, and access to the Pre Jigy 
on-line information service. The teachers also have a machine in their homes. 

Students have learned to use the word processor, graphics progran^, 
database manager, and the on-line information service. Homework as. gn- 
mcnts in these classes have included working on the keyboarding program, 
writing a story about the Pilgrims with parents* help, and using the weekly 
version of Where Is Carmen Sandiego from the information service. Database 
assignments on famous Indiana people have been developed. A database of 
information on the Purdue University basketball team has been used for writ- 
ing assignments, learning to use the graphing program, and discovering the 
uses of a spreadsheet. 




Program Funding and Staffing 

TSC has chosen to fund the implementation of the Instructional Support 
System through building funds. The TSC has viewed this venture into technol- 
ogy as building a new school facility. In addition, the purchases have been 
spread over a three-year period. The only staff position added as a result of this 
move into the world of technology has been that of Coordinator for Instruc- 
tional Support 

The technology requires no building-level manager. Special workshops 
have been held, however, for the library media specialists from ea building. 
These professionals have assumed the role of technology expert die build- 
ing. Initial training was conducted over teacher inservice days. Additional 
training opportunities on Microsoft Works, Writing Assistant, Filing Assistant, 
Storyboard Plus, and curriculum integration were held on one of the teacher 
inservice days in October 1988. Training on Excelsior Grade, the computerized 
gradebook available throu^out the system, was held -limng Christmas vaca- 
tion. Further workshops are planned for future summers. 

The philosophy behind the staff development has been to help a number 
of teachers become experts on various programs. Decentralization of technol- 
ogy knowledge has been the guiding premise of all training plans. This 
decentralization is furthered by the use of a Council for Instructional Support, 
chaired by the Coordinator. This group of technology experts, at least one 
from each building, meets once a month. Meetings include time to discuss 
what is working well in each building and what ai'eas need attention. Time is 
also devoted to a training segment. The training has ranged from integrating 
Logo Writer into the 2nd grade math problem-solving curriculum to the use of 
a liquid crystal display to the use of the Prodigy on-line information service. 

The instructional support system ope^tes under the guidance of the 
Administrative Assistant for Program Development and the Assistant Superin- 
tendent for Instruction. These individuals are responsible for the 
corporation-level systems involved with the administrative applications of tech- 
nology and oversee the position of Coordinator for Instructional Support 
Supervision of the day-to-day operation and .maintenance of the instructional 
computer networks, development of technology training programs, selection of 
appropriate software, and development of curriculum integration strategies is 
the responsibility of the Coordinator for Instructional Support. 

Program Evaluation 

Because this program has been m place for less than two yeare, evaluation 
is just beginning. The first stage was a siuvey conducted in mid-October on 
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how computer time was being used at each elementary schooL The results 
were presented to the school board in February 1989. The survey shows that 
the majority of teachers in TSC are currently using computer time with drill- 
and-practice software with heavy emphasis on spelling. Use of language arts 
software dominates over the basic sIcUls software available for math. The inte- 
gration of word processing into the elementary curriculum is sporadic 

The results of this smvey help the Coordinator for Instructional Support 
see '^e areas where more curriculum integration, and subsequently staff devel- 
opment, is needed. Survey results from April 1989 will be used to see what 
differences, if any, were seen later in the school year. 

Strongest Feature of the Program 

The strongest feature of this program has been the commitment to staff 
development. Tbo often school districts buy state-of-the-art equipment but fail 
to spend the time and money necessary for staff training and development. The 
TSC has not made this mistake. The district has added the position of Coordi- 
nator for Instructional Support to oversee the ongoing staff development in the 
area of technology. The process of developing building experts and a cadr«; of 
people knowledgeable about a particular program has been iiighly successful. 
Any school district embarking on such a venture would be wise to consider the 
TSC model for staff development. 

The future of technology in the Tippecanoe School Corporation is bri^t, 
with 1 computer for every 10 students. Plans are underway to work with 
database programs in the social studies curriculum, and use of the Prodig)' 
on-line infoimation service will be expanded in the futiure. The area of 
hypermedia >vill be explored* The implementation of a computerized library 
management system also looms in the future for TSC. Teachers will increas- 
ingly be able to pinpoint what concepts a particular student needs to master 
and to communicate this information more precisely to the parents. The con- 
centration on using the computer as a tool will provide our students with a 
foundation that will serve them well as they enter the world and become 
productive citizens. 
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mation, and Library Studies, Rutgers University, New Brunswick, New Jersey. 

Regan McCardiy, Deputy Director, New York Urban Coalidon/Center 
for Educational Leadership. 

Charles Mojkowsld, President, Technology Applications Associates, 
Cranston, Rhode Island. 

Dennis Newman, Senior Scientist, Bolt Beranek & Newman, Cam- 
bridge, Massachusetts. Formerly Research Scientist, Bank Street College. 

Stanley Pogrow, Associate Professor of Educational Administration and 
Foundations, and developer of HOTS project, University of Arizona, Tucson. 

Andee Rubin, Division Scientist, Bolt Beranek & Newman, Cambridge, 
Massachusetts. 

Gregory C. Sales, Assistant Professor, Curriculum and Instructional Sys- 
tems, and Research Coordmator at the Center for the Study of Educational 
Technology, University of Minnesota, Minneapolis. 

Joyce C. Sherman, Library Media Specialist, Brunswick Acres School, 
South Brunswick, New Jersey. 
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Sue Soilie, Blue Earth. Minneapolis Apple Classrooms of Tomorrow. 

Benjamin H. Thomas, 7th and 8th Grade social studies teacher at the 
Sidwell Friends School, Washington, D.C. 

Roy Umuh, Physics Department, University of Northern Iowa, Cedar 
Falls. 

Gilbert Valdez, Manager, Instructional Design, Minnesota Departmem 
of Education, St. Paul. 

Cynthia Warger, Educational Consultant at Warger, Eavy and Associates, 
Reston, Virginia. 

Mary Alice White, Professor of Psychology and Director of the Elec- 
tronic Learning Laboratory, Teachers College, Columbia University, New 
York. 

Frank B. Wthrow, Team Leader, Technology Applications Group, Pro- 
gmms for the Improvement of Practice, Office of Education Research and 
Improvement, United States Department of Education. 
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